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Donations to the Library were announced as having been 
since the last meeting from Messrs. L. Andrews, A. 
lihrlrital Review ; to the Ituildiug Fund from Messrs. R. H. Bi 
R. Livingstone, 1 . C. Smail, L. C. B. Trimnell ; and to the B 
Fund from Messrs. G. D. Gibson, R. W. Ilnghman, S. Ins 
Manlon, A. Wvllie, lo whom I he thanks of the meeting 
accorded. 


The discussion on Mr. Addonbrookc s paper was conch 
page 532), and the following paper was then read. 

The meeting adjourned at 9.30 p.m. 
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I; ay Donald Murray, M.A. (Sydney). 

( Paper read February 23rd, 1905.) 

Ay person who has had occasion to examine the records of patents 
ected with telegraphy, must have been astonished at the number 
[fating telegraphs invented during the past sixty years. In the 
bd States alone over four hundred printing telegraph patents have 
issued since the invention of the electric telegraph. These patents 
race about 150 distinct printing telegraph instruments or systems • 
Jet, with the exception, of the stock-tickers and the Hughes ' 
ing telegraph, it is only within' recent years that two or three 
; successful machines have emerged. In hardly any other field of 
fa endeavour has so much labour resulted in so little return. 

S are many reasons for this want of success; but they are all 
» the extreme complexity of the conditions to be fulfilled, and 
ibsence of any technical literature explaining what these condi- 
tte. With one or two exceptions, telegraph engineers, realising 
faculties of (lie subject, have left il alone, and printing telegraph 
tors have, in most eases, been outsiders. I11 fact the whole of the 
jins connected with the handling of type, including typewriters, 
letting, type-casting, and similar machines, have proved very 
Story, and the best solutions have often come from outsiders, who 
Ifepped in where experts feared to tread, and have in this way 
ered into unexpected success. The complexities culminate in the 
mg telegraph, '’ccausc in that ease the problem is lo set lype at a 
ice. The type may be fixed on I he circumference of a wheel, or 
Bistas separate type on the ends of type-bars, as in most type- 
(S,or as loose type in a type-setting machine ; but in all cases the 
emisto set type— that is to say, to bring a particular type to a 
talar printing point in the shortest possible time, and in the case 
(printing telegraph to do that at a distance over a single telegraph 

may be pointed out, in passing, that all telegraph systems, from 
»otse key upwards, are. printing telegraphs more or less developed, 
gtat a completely developed telegraph system must be a printing 
■Iph, Telegraphy is one of the few branches of human activity 
Rich tile tendency to substitute machinery for human skill has not 
pade much progress ; but the advantages lo be gained are con- 
■ble, and there is every indication that the era of fully-developed 
■BC-telegiaphy has now arrived. The subject is very large, and 
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it will be necessary to confi by telegraph administrate 

printing telegraphs used, oi £ , mcr cial and press messages, 
for the transmission of , , s HVC of course unsuital 

this class of work ‘''^" ^ 0 ^ news, with some possill 
their field being the m ban d.st system. The Hughes prut 

as local feeders to the Rcneral cleg ap ^ysle ^ ^ 

telegraph is widely used or general InjJc ^ ,, scrvice . M 

where about tin ec thoi s. speed is limited by] 

Hughes prints the messages o, a ta, u a.ut ^ 1^ ^ ^ * , 

— 1 printing in page form, redU, 

for increased capacity transmission, and increased economy, 

in the percentage of c.r ‘ ? ^ has been a remarkable <* 

labour. During the last ew y , in ventors desirott*., 

burst of activity amongst printing ^ ot system widely usc d 
meeting these requirement . ’H l88o; but the Rowland, ! 

France, dates back to abo sdemcns and Halske systems a 

Buckingham, the Murray, ai ‘ with systcmjgpf this . 

products of the past four or In e J cai *. ^ 

that this paper proposes to deal. 
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The Essential Features ok Telegraphy. 

ii nf telegrams that merely expti 

If we disregard the sma ' is control. When A send! 
emotions, the essence o ° C ®. ‘ rcstl ains the actions of B, an4 
telegram to B, >t pr0 '”"^ C()nl ,. oiling the actions of A. Teled 
frequently reciprocates V class of producing or distrlt 

systems, mechanisms. From the pO 

ing, blit to the class < only possible form of con 

view of the theory of mach'iu , I (lijs rcas0I1 that telegp 

mechanism is th .° “j ',” entirciy of ratchet mechanisms, incl«4 
instruments consist . • ■ t ( ( the main featured 

the complicated pernintat on s . Al the transmt 

tl,c modern are used to impress permol 

station certain tatchi - energy which Hows through the ; 

patterns on a small sticani ot cnc.g,y st . ltion> Itisffl 

veiling space from the » f energy stream that operate , I 
peculiar patterns -'^^i.^noehmiism, and thus subsequ* 

^'rmilcUie motions of 

transmitted. Intckgi* 1 ! „ letters and Ihc letters translated 

spoken, has to he broken up mt« leUc- G - <1 esscnccof , 

special telegraphic symbols. . C ' ‘ c ^ forccd to use a met 

phony being d,rcC ‘ ^“""'thc word symbols that we habitually 
preserving the exac , f „ xccss ivcly complicated patteri 

This results in tlie eiup ’ ^ (h . lt :l bout thirty impulses per» 

variations o the • «« W j l ‘ ;l ’ s ng:d „ s t about four per letter will 

K2SS& 1* ><■ ■». *» •*“ *: 
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c | communication only at the expense of very heavy wire cost 
telegiaph, by using the symbolic method of representing letter 
^s effects an immense economy in the number of signal, pe 
er, thcicby effecting a great economy of wire, but on tv at dm 
-nse of increased labour cost for. translation It is (ho T,-' 

piilisill 

much the better ; and the way to achieve that result fr» 

KS et Wh? 0ss ^ e - hLc6 

tal criterion— What number and what kind of signals per letter 
the system use? And so far as the class of work dealt with bv 
pph administrations is concerned, the telegraph systems with 
£st signals for long-distance work will, in tlie end, ^72 


I Telf.okai’ii Signalling Alphauets 

1 ysma! point of view, it will be found that all signals have a 
Kaspecl and a I nne aspect. Signals in which the meaning depends 
Espace aspect may he conveniently described as space signafs In 

feh thTm ' SC "7 tc,c « Rlphic > and "'ey appeal to the eye Signals 
kh the meaning depends on the time aspect may be conveniently 

taM (T Slgna 7 In the broad “"sc these are telephonic 7 
p i to the car For instance, a signboard may extend over 

duration of 77 * , the i"telligc„ce conveyed does not depend 

Mot il2h, S,g •° arC '' K isas P a «*gnal. On the other 
Morse signal in . wire may extend over half a second and soo 

In tins case it is the time aspect which is significant It is a time 
In a printing telegraph the space signals forming the wr Z 

Si into ti,,,c sig,,a,s ' ,n 

lilm^K / W W "' e s '« nals n,,,st occupy various posi- 

■ nnsT bCCa,,SC ’ ° r COnuncr ciaI reasons, the wire cannot ocaipy 
^sitions ,n space. That is to say, there must be only one 7* l 
p ■ ' 36 
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it will be necessary to confine attention, in this paper, to the cM 
printing telegraphs used, or being tried, by telegraph administrate 
for the transmission of ordinary commercial and press messages. I 
this class of work the stock-ticker systems are o course unsiiifil 
their field being the urban distribution of news, with smnc posstoUH 
as local feeders to the general telegraph system, l hc Hughes print] 
telegraph is widely used for general traffic on the Continent of hurt 
where about three thousand of these instruments are in service ; but 
Hughes prints the messages on a tape, and its speed is limited by 
manual skill of the operator. For a long time there has existed a 
for increased capacity of transmission, printing in page form, redu 
in the percentage of errors in transmission, and increased econo: 
labour. During the last few years there has been a remarkable 
burst of activity amongst printing telegraph inventors desir 
meeting these requirements. The Baudot system widely u 
France 8 dates back to about the year 1880; but the Rowland 
Buckingham, the Murray, and the Siemens and Halske systems, 
products of the past four or five years. It is with systems of th^ 
that this paper proposes to deal. 


The Essential Features of Tei.eukai’iiy.. 
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If we disregard the small class of telegrams that merely ex 
emotions, the ‘essence of telegraphy is control. When A se' 
telegram to B, it promotes or restrains the actions of B, a 
frequently reciprocates by controlling the actions ot A. tele) 
systems, therefore, belong, not to the class of producing or dist ^ 
i„,i („ the class of controlling mechanisms. !• 10111 the { 
view of the theory of machines, the only possible. I or 111 of coil 
mechanism is the lock and key. It is for tins reason that telej 
instruments consist almost entirely of ratchet mechanisms, ind 
the complicated permutation locks that form the main featured 
the modern high-speed printing telegraphs. At the transra.tt 
station certain ratchet mechanisms are used to impress pennuW 
patterns on a small stream of energy which flows through the id 
veiling space from the sending to the receiving station. It is to 
peculiar patterns impressed on the energy stream that operate ] 
permutation locks of the receiving mechanism, and thus subsequel 
determine the motions of the recipient of the message. Jj 

Hence the fundamental feature of printing telegraphy, and there! 
of all practical telegraphy, is the kind of patterns or permut-' 
transmitted. In telegraphy these patterns are symbolic lhe w< 
spoken lias to be broken up into letters, and the letters translated: 
special telegraphic symbols. On the other band, the essence of ft 
phonv being direct communication, we are forced to use a met! 
preservin'' the exact form of the word symbols that we habitually I 
This results in the employment of excessively complicated pattertj 
variations of the energy stream, so that about thirty impulses per W 
are required in the telephone, as against about four per letter wito 
Morse alphabet. That is to say, the telephone saves labour by#jj 
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t communication only at the expense of very heavy wire cost 
Melcgtaph, 7 US1 " g th ° s y mboli c method of representing letter 

? thriT a rr " llme,,se econom >' in tb c number of signals per 
er, thereby effecting a great economy of wire, but only at the 

mse of increased labour cost for translation. It is the object of 
June telegraphy not only to increase the saving of telegraph wire 

lu bv ’ll’" 1 ;l S ° f t0 '7'”. C0 the lab ? ur cost o f translation and 
ng by the use of suitable machines\ The simplicity of these 
hines and the saving of wire cost deptmd on the fewness and 
plicitvof these signals. It is in this reduction in the number and in 
simplification of signals that there will be found to lie not only the 
damental distinction between the telegraph and telephone, but also 
fundamental criterion of all telegraph systems— What number and 
t kind of signals per letter do they require ? For a given wire the 
» the signals the more the business that can be passed over it • 
for a given amount of business the fewer the signals the cheaper 
w re that can be used. And with the increase of distance the 
of the wire becomes all-important. Pupin self-inductance coils 

iz ;r h r ] n '? P thc ,c,c P hone « bu * they are equally applicable 
he telegraph. On the other hand, if we can do without inductance 
so much the better ; and the way to achieve that result is to use as 
ftgnals per letter as possible. Hence nothing can alter the funda- 
fal criterion What number and what kind of signals per letter 
he system use ? And so far as the class of work deal? with by 
aph administrations is concerned, thc telegraph systems with 
best signals for long-distance work will, in the end, supplant all 
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^little consideration of thc facts will show that the codes of signals 
egraphic alphabets that meet all the requirements for signalling 
eans of an electric current through a telegraph wire are com 
ively few in number. If we first regard the matter from a 
nysical point of view, it will be found that all signals have a 
aspect and a 1 1.11c aspect. Signals in which the meaning depends 
space aspect may be conveniently described as space signals. In 
oad sense these are telegraphic, and they appeal to the eye. Signals 
tell the meaning depends on the time aspect may be conveniently 
.bed as time signals. In the broad sense these are telephonic, 
peal to thc ear For instance, a signboard may extend over 
and 100 years; but the intelligence conveyed docs not depend 
duration of the signboard. It is a space signal. On the other 
U Morse signal m a wire may extend over half a second and 500 
In tins ease it ,s the time aspect which is significant. It isa time 
' na pun mg telegraph the space signals forming thc written 
iave to be converted into time signals, in order to be sent 
ftetelcgiai.l, wire. I he wire signals must occupy various posi- 
time, because, for commercial reasons, the wire cannot occupy 
ft! positions m space. That is to say, there must be only one wire 
ftt.34. 36 
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fcSSi'JK “ e “ ,or ,efe8r *' ,h •» i... to 

l«> “LTcZVn' ” s e ,te s&StJgt "■*!** 

»lways to keep sufficient current fiowinu t u ^ ‘ • ’ 6 best remcd y 
five or a negative value in spite of the r W ‘ rC t0 preserve a 

Jrolcs o„t 11,0 0„o • Z ° ” r~ Iw" '™ S “ 

lultiple-wirc cables — that is to sav n„ i , nber of wires, or in 

Ifegraph would finr! its chief cmplovincnt nlS Tl " ICS a'’ 0 ™ a printin g 

Eluded, and A (Fig. 2 ) is the on vC? i , ""** ’• 3- al >d 5 are 

?eed printing telegraph on overland r ° typC ° f current for a liigh- 
m type of current thath emptved in't. cables. It 

Id Buckingham systems and it il the ,r Baudot > Murra y, Rowland, 

■ British telegraph service Thil ‘ °‘ d,nary “ d °«ble-current ” of 
Went must be used, sweeps into oblivi* an ? 1 J lar ^ act > that alternating 

sz £ <■’ » “»«.= toobt. 

j! impulses are permissible, B (Pig ” h Bte'onbM^' “ °" ,J 
Ris used in ocean-cable work. 8 ' 3 ype of current 

lere remains the question whether the shane of ti 
is important from the point of view of /■ ‘ SI g na| hng 
t ten years ago there was a Im'ct , r 'machine telegraphy. 

leal journals in regard to the advantagesof’ the^simpleT ° f ** 

or sine wave for the transmission „r ° , slm P le harmonic 

wnt, A group of American scieulii; . P ° W< ; r h y the alternating 

eland, who contended that the sine mc "’ * , J Jflc,0< l h .V Professor 
•ted that the best method of "' L ' ,,Ust - look i( ^r 

iodof transmitting intelligence and advot' !! y f | WaS also tllc best 
« in telegraphy. Certail ,'f wi * . the USe ° f the sine 
Jd like a dancing dervish the best wa * "^t/i t0 make J ones spin 
^ne waves to Jots ; S ta £ «* ^ 

* perform an excessively complicated ‘ l ^ WantS to make 
fens, and for this purpose it is essential ( ‘ IK "regular series of 
Producing upper harmonics in' a frmrmttarv"'* S ' lnila . r mofions 
irregular way. Even if it were -h ? y ’ non -periodrc, and 

* there is a S ainsf the sine wave arrangemeXthe °! S "’ e 

etage that special machinery would he ®. • ‘ practlcai dis- 

laves, and also to repeat (hem as a I rCqU,rcd t0 generate the 
Ikem on as square signals * s, t ' " la, y repeater would at once 

** “.or t!:j ” i8 '» ,s r 

^System of machine telegraphy if desired " K appl,ed 

- is tej-Wf 11 

[referred to. The simplest of nil #L. . i of Poetical importance 
(Hughes printing telegraph. It is asXlIowsX '* emplo y ed 
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8 UNITS PER LETTER (AVERAGE) 


UNITS OUENCY 

4 14.000 E 

6 10,000 T 

8 9000 A 

6 9000 I 

8 8000 N 

14 8000 0 

8 8000 S 

10 7000 R 

10 8000 H 

10 5000 D 

12 5000 l 

10 4500 U 

14 4000 C 

10 3000 M 

12 3000 F 

12 2500 W 

16 2500 Y 

14 2400 P 

12 2000 B 

12 2000 C 

12 1500 V 

12 800 K 


2500 W 
2500 Y 
2400 P 
2000 B 
2000 C 
1500 V 
800 K 


562 MURRAY: SETTING TYPE BY TELEGRAPH. [Fe. 


In the Rowland alphabet, as each current unit must be sepa 
at least one zero unit, a zero unit has to be added at the end of df 
letters making it a 12-unit alphabet, and the exigencies of the Roi 


MORSE ALPHABET 
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i eq “' real1 extra unit, making 13 units per letter. In order to 
the advantage of "double-current” working this alnW,J» 

" nrrent ( See f °°‘ of column in Fig. 4 This 
e hJ, 5 ( 7 ° f thC R ° Wland al P habe ‘ ^ actually transmitted ) 

/a™"' '« r p '' 0,0 p ™. lln,! '"'S'*' 1 " ■»*” “S 

zxrzsvrsr z 

“LZZT , ' mr,| ° V ' d ’ ln to '«»»« toe we, open 

;! if «' » negal ive or da -h 

wnicn is used for this purpose only. As the result ^ i„ t 

and 4 u ,,,,s are not sufficiently distinct from r and 3 With 
acc uacy ami the use of more than two time intervals presents 

Morsels pftol'f" ^ ' V '"' macll '" c telegraphy a shorter alphabet 

nrther, although the Morse alphabet is ideal for manual signalling 

aKarsys ,or n totegraphy. Tlie 

, . g ' ° nl > l,losc who have made a careful study of the 
g th :.vl' a| . P, ° ,,k ' m f,0m a "fehanical point of vL can 

g tclcgrinl'i" 0 " n,1,,ll:, " cc . of "us question in constructing a 
g telegraph Uniformity is the key to success in machinery 

S 6 ?.* ’ ‘ } n,L ,ni P (,| tancc, and owing (o the dclicacv and 

Jrtmipcrfcchon of telegraphic machinery, the need for simplicity 
fe^e^s averwheh",^ That simplicity can only be secured by 
Mmg alphabet m winch all the letters are of equal length It is 
me necessity that has compelled the use of letters all of the same 
in typewriters I he Morse alphabet, however, has been in 
ion of the held so long, and telegraph officials in English-speak- 
n ncs arc so saturated with Morse traditions, that it would be 
ble to m reduce a new alphabet if the operators had to learn it 
mately with machine telegraphy that is not the case. All the 
chat °. C ° I s 0 uarn typewriting. As a single illustration of 
chamcal advantages of an equal-letter alphabet, such as that 
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used ill the Baudot and Murn y ^ |, uc0 tho Morse tape foHM 

keyboard pcrforat.nR msb me ^ f ninelc0 „ punches andH 

Wheatstone transmitter, .ec u ^ ^ alld their correspdi 
corresponding parts, as . nc .f 0 rator As an automatic printMj 

i„ g p ,,t, mm - “ h *im 

telegraph requires about for J * tor can be constructed* 

circuit, if an equal lcttci toy i ' ■ ' ^ cos(s ^ 10> there is a differen^ 

zsLStssstsu - »— b ™ eMy ptop ^l 

10 'zcs&u m * » 

peculiarity that it is both cqua ^ . cs ^ llucl by six impulses, M 

and dash, but as each lettu ’ ^ lo „ sc the negattvejj 

positive and three nega ive, . j.etlers arc distinguished 

solely as a unison mark : h . '' ’ J “ a negative dash, as in the ll| 
counting every sixth impulse | f building up the 18 


T „, Bicsr Mach ink Tki.khkaimi Aumuukt. Y 

in the Baudot and Murray YV-t - . possible, and it is an td 

telegraph alphabets, m fact P , cttcl , The permutaS 

letter alphabet, consisting 1 a ,„l 5 units’ duration, 

are made up out of impulses ‘ ' " ; ’ , , cro ). ' Being an equal-fc 

positive and negalivc (or pos l ■ ^ jnlo , cttcrs by measured! 
alphabet, the signals can be c ^ si( , na , lo sepa rate the Id 

There is, therefore, no need fo . ■ bchv ' ccn the letters. The t 

as in Morse. Hence there 1* n • 1 mu , lcUcr into the next, an, 
is that impulses frequently - ^ . 1( . Ucr in lhc Murray $ 

average number of maiku ... ' n lhc Bauc tot. In the Rod 

is only about i t, and a U ' ih -Z in „ iu lses per letter. The Rod 
there are four and a half ma ^ L ^ ;UK , a ha if times as manydj 
alphabet, therefore, sends • alnhabet The apparent ll 

per letter as the Baudot and h u . ansm itting and root 

alphabet, as it appeals 111 I , signals transmitted! 

“ C Tho"wicrt SSStV*- “ “ h ,r “""“ ed ” * 

column D. 
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BAUDOT & MURRAY ALPHABET 

5 UNITS PER LETTER 


14.000 E 3 

10.000 T 5 
9000 A & 
9000 t 8 
8000 N £ 
8000 0 9 
8000 S : 
7000 R 4 
6000 H ; 
5000 D - 
5000 L J5 
4500 U 7 
4000 C ( 
3000 M ? 
3000 F ” 
2500 W 2 
2500 Y 6 
2400 P 0 
2000 B / 
2000 C ’ 
1500 V ) 

800 K i 
600 0 I 
500 J 1 
500 X | 

300 Z t 

4500 , , 

3000 . • 

Space 
Caps. 
Figs. 
Line 


< 
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Actually the space between the unit signals in the Baudot is very 
all, and the groups of positive and the groups of negative signals 
in together into single signals, even in passing over a comparatively 
lort line. The Murray alphabet is always worked with alternating 
[tent, so that the real Baudot and Murray alphabets as they actually . 
over a telegraph line are identical, and are shown in column E. 

The only difference is in the allotment of the letters to the various! 
mutations, the Murray arrangement being designed to punch as I 
w holes as possible in (he paper tape. Baudot, in a paper on his I 
tem in the flullelin de la Sociiti Internal ion ate dcs Ehctricicns, 
,xl„ credits the authorship of (his alphabet to Wildman Whitehousc, 
1853, but the Whitehousc patent of 1853 gives only the alphabet 
wn in column B, Fig. 7, which was proposed by Morse and 
ers, and is so obvious that no merit can be claimed for its use. To 
He Baudot belongs the credit of having been the first to use what 
ive described as the real Baudot alphabet. This is the shortest 
ible telegraph alphabet fulfilling the conditions already set forth, 
it is the ideal alphabet for machine telegraphy. It was the 
ral outcome of the Baudot system. In the Murray System the 
uments had to be specially designed with the express object of 
S this alphabet. It is the foundation of the great success achieved 
B he Baudot system during the past twenty years, and no system 
“hachinc telegraphy can hope for any wide and permanent success 
land unless it uses this alphabet. Other alphabets, especially 
. Morse, will no doubt continue to be used with machine tcle- 
hy foi particular purposes, but the Baudot is the one alphabet 
has any prospect of coming into general use for machine tele- 
hy. It bears I he same relation to machine telegraphy that the 
Mse alphabet does to manual telegraphy. They are each without a 
in their respective spheres. Actually so far as the alphabet is 
irned the Murray system has a slight advantage over the Baudot, 
use in the Murray system correcting impulses are generated from 
■Signals themselves, whereas in the Baudot system two correcting 
are required for every four letters, and on the average two units 
to be allowed foi retardation. T hus in practice there are six 
per letter in the Baudot system and five in the Murray. 

So far as ocean cabling is concerned, the number of possible 
ibets is very limited. The Morse, as used for cable work, is shown 
lumn A in Fig. 8 for the sake of comparison with the only equal- 
alphabet for ocean-cable work that is shorter than the Morse, 
ly, that shown in column B. 

ble Morse averages about 7 4 units per letter, and the equal- 
alphabet about (Vq, the advantage being about 10 per cent, in 
PIT of the cqu.il-lcttci alphabet. 1 he use of this set of permutations 
ite different units in three different positions) as a telegraphic 
ibet appears In have been first proposed by Cooke in 1836. So far 
IS not been put to any practical use, but there arc interesting 
Ibilities connected with it which will be referred to later on. It 
be noted in passing that I have arranged the permutations so 
fourteen of the most frequently used letters are the same as Morse. 
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Murray Five 

Baudot “ 2 35 

Morse " 3 ” - f „ 

Buckingham L* ” 

Siemens & Halskc ... 6o ” ... II ’’ 

Rowland 65 ” r .. ” 

: Huf?hcs 75 „ ... ::: £ ;; 

■*' With figures there is a slight difference, owing to the use of figure 
fixes and suffixes in sonic cases and not in others. The foregoing 
mate for figures is based on the figure group 131:79 It will he 
“ .10, figures Morse alphabet colli™, bLd,”" By 

yof a practical comparison the word PARIS is given in each of the 
nabets, on p. 570. 

Synchronism, Isochronism, and Unison. 

[investigation having shown that the Baudot alphabet is the best 

ffc r:; 0,, J S . h0 T t0 UtiliSC U ~ and ’ in fact - an y telegraph 
»kbet_as the basis of a printing telegraph system. As already 

lamed, when there is only one wire or channel of communication 
i conversion of space signals into time signals and back again mav 
regarded as the chief operation in printing telegraphy. If there 
re five wires, as at A in Fig. ro, the signals would remain space 
Bis throughout. If, on the other hand, there is only one wire, as at 
jig. 10, then there must be some means of putting the line succes- 
ly in connection with the space signals i, 2, 3, 4, 3, so as to collect 
» as time signals ; and at the other end of the line there must be 
arrangement to enable the wire to distribute its time signals 
ssively to the space-signal positions 6, 7, 8, 9, 10. At each end 
elme there must be an oscillation or rotation of some mechanism 
ed or coHectmg and distributing the signals. This is one of 
[Ch ef features 01 printing telegraphy, and therefore of all telegraphy 
ogh one channel. In the Baudot and Rowland systems we have 
plete rotation a revolving contact arm sweeping the space signals 
essively into the telegraph line as time signals from a fixed ^on- 
wheel and distributing them in the same way at the other end 
file automatic telegraphs the contact-wheel becomes infinitely large 
t s to say, a rack, such as the Wheatstone transmitting tape In 
I case, owing to the sire of the wheel, it is impossible L have 
olvmg contact arm. Instead, the contact-arm is fixed and the 
1 1 or tape-rack revolves. I„ B, Fig. 10, for instance, it makes no 
I difference whether the contact-arm revolves and the contacts 
3,4, 5 remain stationary, or vice versa. The effect is the same in 
cases. In nearly all printing telegraphs a revolving wheel 
hbutor is used. In (he case of the Hughes the distributor and the 
(■wheel are one and the same. In the stock-tickers it is a little 
pet-wheel on the same shaft as the type-wheel. In the Baudot, 
nd, and Buckingham the distributor is an entirely separate 


Five Figures. 

35 units 
30 „ 
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jiechanism from the type-wheel, and is connected with it in a very 
implicated manner. In the Murray system the distributor is a 
Wtich-arm and a moving paper-tape, that is to say, a portion of a rack. 
Ih this respect it closely resembles the Wheatstone recorder, but 
instead of inking the tape it punches holes in it. In the method of 
jranslating and printing after distribution of the signals, the Murray 
jystem differs from all previous printing telegraphs, and it belongs 
lather to the class of automatic type-setting machines, such as the 
Monotype ; and for the purpose of automatic type-setting in the 
Ordinary acceptation of the word it was indeed originally designed, 
f- It is owing lo the necessity for converting space signals into time 
Bgnals and back again that all telegraph systems using one wire or 


SPACE &. TIME SIGNALS 


■COLLECTOR 


DISTRIBUTOR 


nnel of communication involve " synchronism,” “ isochronism,” 
I" unison.” As already pointed out, if we had five wires instead of 
!, intelligence would he transmitted by space signals only. There 
lid then be no need for a unison device, because each letter would 
id by itself distinct, and there would be no synchronism, and only 
chronism in respect of successive letters. With one wire the collcc- 
and distributor must both maintain the same speed— they must be 
Ironous— or the signals will get mixed up and lost. For instance, 
f sounder must work at exactly the same speed as the Morse key,’ 
lagh there may be considerable lag. There must also be a unison 
A to distinguish the letters, the negative dash being used for this 
tpose in the Morse alphabet. The terms “ unison,” " synchronism,” 
I" isochronism ” are often very loosely used, but in telegraphy— 





PARIS 


COBLENZ 


BERLIN 


must lie identical or the shall will break. That is to say, the i 
chronism is perfect, hut the synchronism is not. The friction of tl 
air on A will twist the shaft I) and cause A to lag behind B. If D it 
large steel shaft a few inches long, the lag will be infinitesimal, but 
1) is a telegraph wire 500 miles long, the lag becomes a serious faefa 
Although it is physically impossible to secure synchronism betw 
driving and a driven wheel, 1 ? and A, it is possible to secure synchr 
between two driven wheels, A and C. The Baudot is usually w 
as a synchronous system, and big, 11 is Ihe method adopted ifl 
Baudot repealing station. For instance, in Ihe quadruple 
working between Paris and Berlin there is a repeating station 
Coblenz, which controls Ihe speed and phase of the instrument! 
Baris and Berlin. Coblenz is ttie driving-wheel B, and A and C 
Baris and Berlin. This clever scheme secures perfect synchr 
over 700 miles (1,100 kilometres) separating the two capitals, 
unfortunately' it is a thing that can only be done once, and in any 


SYNCHRONISM DIAGRAM 
B c 


"Unison” is the method adopted for correctly dividing off or 
tinguishing the groups of letter signals. 

"Isochronism ” means identical speed of two bodies at a disl 
from one another. 

“ Synchronism ” means identical speed and phase of two bodil 
a distance from one another. 

It is a physical impossibility to secure synchronism bctwci 
driving and a driven body, and in telegraphy all so-called synchroi 
systems arc really only approximations to synchronism, and the mi 
precise the synchronism required, the worse ttie system. Isochrot ' 
on the other hand is not only easy to secure, but may be 
perfect. ™ 

In Fig. 11, if we take a shaft, D, with three wheels, A, B, C, keyed 
it, and if B is the driving-wheel, then the speed of all three whi 
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does not really get riri , 573 

y synchronism is y extent . and the limitation of J . m ’ tbe 
'ilchronism in onlr ■ i " CC remov ed. The Rand r ! S ance imposed 
batons ov™ o„e Jre 0 b Pe r!. f0rm its latest St r ‘° aba " d °n 

" S-yw. »<! MSSta” s‘ * w 

ancously t 0 Marse.ii„ ‘ ar , e use d, one to senri „■ S ’ S5 ° mdes (880 
n this way Wo'; a ' K ’ tl,C othe '- for six re L messa S« simul- 
•goals remain g c]e ^ r r J ardatio n is of no ™ s -*es to Paris . 

^“ired. Simila ly’i , w h T 1Sm ° r ide »tical speed h ^ °" g 33 the 
ngie-wire ocean r’J ,° rkw S through s 6o mile! ? b " g al) that is 
u’ssions of thirty wm- i ° betw ? en Marseilles and A| 9 °° tllomefr es) of 
tough one cable and* PC ' ™ inutc each are securer/ 5 ' 0 ™' hvo frans - 
‘ween Marseilles !., 1 ? l . ,0 . (ber cable is used for 11, 1 ° ne dircc <ion 

foments amounts In . glers (,1 ° difference of D h! return messages.-: 
attempt to secure I ^ 9 ° de S re «- The Mn ° n the Baad ot * 

8 duplex Into • s y nc t lr °nism. It is an • urr ay system makes 

IwonM, ,, k 

aa&sss t • «»■* 

W to '» .bio to wort to b «TOn 

zsirr? ” ,,z " *' '**■ 

toootoS; n*** ,om - 

M-srSto, 7 — 



i&L* ~ ovor - — 

iSSto,, n.oe 

H** ° f 3 message 'y* characters i„ (he 
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fully occupied- 1 seve ral operators. I ral operat 
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SINGLE PRINTING TELEGRAPH^ 


COLLECTOR ' 




[translator L-. 

\ ( wPVBOARD) __1 jjr 

X 


(retranslator 
1 &. printer . 


multiple printing telegraph 


.TRANSLATOR 

IKEYHOARDI 


COLLECTOR 


JIT i 


translator U-, 

(x FVBOARD) _J -£t_ 

X 


RETRANSLATOR L 
K PRINTER J 


RCTRANSLATORl 

K PRINTER .1 


t 


y ’Y\\c empl°y men * 

sU.ua! contacts at provided I For • 

operators is ttierefoiL rx '> ^ , iboll , in Iransni. t.nf, H 

t,h ; u,; 

messages. lll0 second is the •' , y system is Si 

best example . • thc •Wheatstone. . 1U udot alphabet 

best-known fo ’ , ulon e system using , ' Xilic-has advantage* 

another, each bcm 0 l. t ..li 

so well suited. 


It 
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Anyone 

:nd Baudot, one of these m-ouns k a example of the Hughes 
; letter-shift, and there are about I ^ t S ur e shift and another as 
:se 84 characters but the ad S , yPC C , haracters - « is possible to 

tor, ££ZZ‘£T * 1 '. is «- 5. 

-Of fee, I I, ole “.'S, ' 1 requirements. The cenlr.l 

mensc speed by pullint? the V,, 8 ' p 5 ’ pu " ched beforehand at an 
4hd a die-wheel, The same methnH . thro " 8h bctwcc " a punch-wheel 
! : postage stamp,, "t?* *«* 

soon as a demand arises manufacturing scale 

1 concerned, a serious objection In rlir i'T 3S c °mmercial telegrams 
^graphs is that errors show „n bad re ? t ' transm, . tt,n g Page-printing 
perators have to work slowly and ear /it" ! >C P " ntcd message, and 
elegraph operators are remarkaM 3 ! t0 , aV ° id makin g mistakes, 
b and skill, error; are f™ n ? bnt Ii in . spite «* ‘ b * best 

tag a typewriter knows how difficult ft hTtn^V 5 aCCUstomed to 
•tten matter without striking at least n J 1 , WUte a pa S e of ty P e ' 
r cases out of five there i, g r * • * ' two wron g letters. In 

-de and steps'^ l^ZTTZZ T T?' * 
graphs, like the Hughes and Raurlnt ?. Ct 1 tape-printing 
ectibns can be cUtoutoflhef ’ tke c erro f s and the succeeding 
Cgraph blank and there k tiao a P® before it is pasted on to the 
1 make the recipient uno'mv "i n °j. V. n ^ to disfigure the telegram* 
Knitting page-mhi ' cllir, • ‘ S accnrac * With a direct- 
idepressed Sm^ 8 p ^Wl^ t ^ a ^ naot . be done ' A w™g 
rection following only magnifies p 'u 0 ' 6 ' end tbe l ine > and the 
graphic -tomatic systems of 

prehand, possess the potentiality of rn? f° n ° f th ® mcssa S e 
mission. In the Wheatstone f coirecting an error before 

ess is known as a ^ ffi o ,t” Wl ^ instance - this 

her makes a niislakc he ca,,' m.lM ”, aU ? C ? tor at a Wheatstone 
thereby obliteration n„. , • , C tap0 bac,c and punch it full of 

resented by a series of dots oifi; ^ tC - 1 ” t,lis CaSC tbe mis take is 
fclerk passes ove" it I, tapc ’ and tbe transcrib- 

tag machine takes the place of the ‘ e ' C ? raph systems « in wb 'ch a 
ively simple matter in ,, receiving operator, it is a com- 

.of the oJoraZ - hi vn idf'!'! , printer sba, > imitate the 
the line. I„ this way no (rafe of p.' VC W ’ C " C '° ts on,y ale comin R 
~ge. This, for instance is p . • '‘ u ' 01 appears in the printed 

Buckingham system', howevcf'as will n,,cki ' , S 1,a,n sys,c 'n. In 
•Ison the transmitlinn 1 ™ V Moise, the groups of letter 
% not possible to p,ffi £ Tf ? f _ lc „«th. It is eonse- 

►keyboard perforator Tf i '? ''"'smitting tape letter by letter 
Suit by unit a process , b <; adjusted by hand, or pulled 

toy corrections In M - SanIy lnvo,vin g some loss of time, 
t Operator. In the Buckimdf V ''° U , IC ! materially reduce the output 
g • m system also it is necessary to rub 
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, . , . m.„ cnc i of the previous line. Hence, to co 

out everything as fai as t ■ lo ho rubbed out. 

a single letter a who 0 "’ Mur) ; • ,j sinf , ;m alphabet in which -t] 
automatic systems nc length, the transmitting tape, wil 

letter signals are all of the K b e pulled back instan; 

being prepared in the keyboard pc forato. c P strikcs awr ,' 

letter by letter by depress, ng a ve> n P back-spa 

key, all he has to do to rectify ^“-thework of a mom 

lever, the letter-shift key, and ^ “ , 1 ‘ 8 W ay In a few seco 

A word of six letters can be Wo 1 ,\ |;lllk s , vl ee, will appear 

and no trace of lbt i \ C ''!" |b "’ ol ’ llcr c „d of the line. This rclievevl 
the printed message at t ... wronc kev the strain on 

operator from without working harder.:, C 

attention 15 leSS ’ etting patents have included schemes,:!] 
or two automatic type seu g t as far as I am aware*. 

correcting errors in the per o^d ^^ib as a phm 

Buckingham was the h, st P^ ^ v J as thc f irs t, and, so f 
the" only system having the power to correct instantly single M 
words. ; ita 


if-' 

.% 
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The messages lo, '^**mmj~** 
board perforators oi a very > ™P ' '“fC,,,,, 0 I the «. 
Koman letter -space signa s m . \ V - K , w „f this transl 
telegraph alphabet Mg. ” «* , Id opened like a 

instrument, with the com ^ ^ ^ ins(ninu . nl with the 
rcadv for opciation. s- 7 holding a conden 

removed. A, the tek Utete*, & lop oI , h 

suppress thc spaik at 1 ■ , . In front is the : 

rests thc ordinary Wheats one ape %v ^\ x f 1V e punches an$j 

perforator, which inc Andes a P ? ‘ punches on its front stroke.' 

electromagnet, the armatuiof * ^ ^ strokc . xhis , 

feeds the tape forwaid 0,u U ' on | y two electrical CO 

does the whole of the wo. k J a J lcr . coullt ing eon 

one a punching contact « f lvv <fp-nrintuig. There it 

indicate the length of the me l ‘^ C & ‘ n “ h and depr 
a typewriter keyboard w, h £ increase the 

of which have bee n m. ulhm or translating mechanism com 
of operation. A simple select. ng o. i.insMi. fc ^ fof pulliflj 

the machine 0,1 ^^"^Kma correction is necessary. 53 
tape back let dtr iy 1 thc lcUc ,-. shift key (Caps.). This pi 

rection is made >■' ■ ^ so Wols ollt a n other permu 

five holes in a lcttci .[• . ,,„ n rhed At the other J 

which may have been previous , 1 ■ ■ function 

nm #* *r* STrnmt'r 1™. S™loiv,t=rA Th.| 

to shift the action of tic 1 ^ as tQ blot ou t a whole 

may be repeated lial ^ clTor in the printed mess 

the ta'pe° is' divided off by printed cross-lines into letter-:* 
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practically as clear as nrinf o Mr i 
; «in a week. It is not necessary to readX'f ^ T ' earn *° read 
:Jearnt the perforator has been so dpsio, , but as 11 is easily 

tape is visible up to the last letter none! a ^ that ti,e Perforated 
nd below the message being perforated ^ It ° V ° the ke y b °ard 
litehouse, in his remarkable patents 'of 0 h ' S Way ’ what w ‘ldman 
_-a"h° m e record" is supplied^ (hose teW l8S4, deScribes 

that require it. ll,0SL telegraph administrations 

legraphic voUage'^o^'o,! 0 ','’ no or C °' ,stn,cled to work on any 

id the current consumption is small— about °o! C !'r cfr ' c ' li S llt circuit, 

„uring he momentary depression of 'each kcy. 0,,0 ‘ third ° f ampcre ’ 

r SPEED OF ° P,!RAT 'OM ON A Kf.VBOARD. 

en madc y cterb,g° a tlm tape have 

ingeabic. There are no screws J rC , movable a ” d inter- 

vened. If an instrument or any par t^oTT ’ WireS to b e 
ply lifted away and another put hi 'its nt ,S ,,° Ut ° f order - H is 
Is separately. The key buttons are in P / F '«’ 18 shows the 
slightly different heights to facilitate ° f dlffcrent colours and 

* off the copy_aneL;dial''!5r 0pe / af ' 0n witbo,lt taking the 
iter keyboard. This mode of f ' '°"/ nr bi g b speed on a type- 

supposed, particularly when the opera/* ” ot . so dirr 'cult as might 
it? in this way. A yon,,,, (l .|, , '« liamed from the first to 

l*on one of the Murray keyboard '! ' >P ^ l;llor "> Berlin learned to 

rs ( 20 words) per miSc wihm.S ^ ^ HlC ratc of I2 ° 

ator, after several months’ practice °rea 1 ^d' 116 keyboard > and this 
worts) per minute in the same ™ SpCCd ° f 43 b letters 

_ the operator was accustomed to nia 1 , . an exce Pti°nal case, 

« possibilities of this method The H i P y '" 8 ’ bllt U ilb 'strates 
"■out taking the eyes aft " operated 

rs have, during the past year or’ lw, Amcilcn fbu linotype 

eir speed by adopting (he same plan " oblblc increase 

J .s very large and ^ **» *ey- 

y c mentioned in passim? tint fi-»o 
»t the speed of manual operation nf T '* ’"’if misconce Ption 
ty it is much below what is gencralte M , d kcyboards - In 

eat importance to telegraph adni' ^ 1 ,pposcd- H is a subject 
?gson the printing (eh-ij-aph Sf' T’ and H bas special 
b Wer to do mlirc o”l" l,nt ^ "<* « 

typewriter keyboard is not more than L aVCra S c s I’Ccd 

Bnutc. Experiments with typewriter l' 1 ” '1° cUcrs ( 2 ° words) 
past year or- (wo in England (' kuyboard instruments during 

f*r ™-r «ww s,„i . 

crated ideas that had 1 ^ ' 1 b engineers, owing to the 

* an arrangement ^ ** 

dy, as already mentioned, is 
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w. »* •” «t 

is possible that m this way the the average speed 
letters (30 words) per minute, • ^ Murray systcm uses the ft 
a good Morse key opeiatoi >• f the Baudot system 

unit alphabet, the five keyboard in the per* 

be substituted for the presen y| operator would have 

This would have the drawback ■ that P^ then ddl 

learn the permutations, the ope n o .1 vant that the operi 
the translation; but it « 1 'j ™ C asily as with the Morse k 

could keep his eyes on the te eg c;in be used, one set ft 

In fact two sets of these pu « bc workcd alternately. Bu [,^ 
^Sf Slp^ors the typewriter keyboard is undoubt^ 

the best. 

COU.F.CTION AND transmission. 

The perforated tape, t'nsmisTion, 

fWaan zzsus ssw 

signals. There are two well-known met. ^ first t he di 

of telegraph signals fron ‘ P 1 B make electrical contact di 
method, in which metallic • . the indirect me 

through the holes lentil transmitter. This utlli 

employed in the Wheatstone ■ (hc sif , na , B being transmit 

the principle of the Jacqua J nall i cvc ts and rods contrO 

by the intervention of a ,, ;IS s ,,„w.i that the ind. 

by the perforated tape, h 1 • , , 0 lha n the direct me 

method of transmission s more ' Ul that by adjust* 

and it has the additiona p ac ^^L of the positive * 
of the levers and contacts ' * t nice ty. Another advan 

negative units can bc reguL . the mechanism I 

of the indirect :»et>.d of “ „ quicker Ik. f 

* lire Irnnsmilttog to «' J , „, is l„ by coni 

reipiired for making tape fo. dnctl 

”'lE„„iect of Um M, diiClcdi™.™—^^, 
from O scries of ndjo""og , in |i nl , CMS telegraphic sigkfl 

not a scries of short dots 1 . , . lu nsli passing over the stil 

such as would be produced ^ a ^"^u^Llcs ^ Themcch. 
elongated perforation 2, cqun ' ^ whcno nc or more unperforatt 

has also to break or revet sett . t i,is zero or reversed CU 

units of tape 5 intervene, and to u auibuu ^ ^ occur ., U t* 

in the line until one ° r ing a continuous signal from a « 

process of integrating o, I g ^ ^ rcducc as far a s possible 
of discontinuous holes. 1 he J lim , b makin g the instrwn* 

' number of signals transmitted o W cre not for this arranged 

transmit the real Baudot ajihabeb lUt "mnsmitted to prod. 

the number of signals t ia , | lc what it is now. It will 

the Murray tape would be neaily double 
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whictfTxacUv reverb th* receiving station there are instruments 

the ° wholesale ZZZ 7 They differentiate or split up 

e wnolesa e signals into their retail units, thereby producing 

l As the C re ,V,ng Z"™ * repHca wf the Emitting tapl ? g 

Emitter in ik y0 " e T t ° f message - holes in the tape, the Murray 

Wheatstone model”'''!? V< il °™’ ‘V* Considerab,e departure from the 
iidfi.r ^ ^ le Wheatstone the signals depend on the 

fc s*” srr? --•* <• 

ir/orated and non f SI f na s depend on the relative positions of 

l« Fig. 20 Sectad 01 Sr Un ’- S ZZZ The is shown 

Sllector Thor * n llc ta P° and the transmitter together form the 

i va 'by no , S ,S „ H st.r-wheel : S to feed the tape 

by means of the central row of holes, rack and pinion fashion; 


1 


tape signals 

pOobo * •* oo: 




in place of the two small upright rods used in the Whnof i 
r entering tlie holes in the tape, there is a single rod , S ! 
.pivoted at one end of a horizontal thrust-lever 2 Thi! ?, Z 
ter is m its tun, pivoted near its middle on a vertical^ jJJL™!' 
Illatuig on the eenlre, a. This vertic il lev,.,- u , 1 ? 3 ’ 

dily by a small eccentric wheel 5 and clnncc L rnrlT' fl? g 
e kind as that employed in the Wheatstone transmi te? ° The 
t-lever 2 has a tooth 7 on its under side, which re” again! 

,S in tlie vertical lever - 1 . The result nf b a, nst a 

«». lever , to 

hen the machine is in operation, and tape perforated with •, 
g e is being fed through in the ordinary Wheatstone manner, the 
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sma il steel rod i reciprocates regularly against the paper tape 20, fe 
mav he seen from the dotted arc 16 described from the centre 4. -f 
makes one reciprocation for each unit of ‘he tape, ’ e J c ^ nt 
wheel S making ten revolutions for one revolution °* the star ”S 
the spindles of the two wheels being connected by tc 
one gearing as shown by the large dotted circle. If there 
message hoki in the tape, the tip of the rod enters the hole and « 
complete motion of the rod is unobstructed. h.s permits the tht^| 
lever 2 to move as if it were, one piece with he vertical lever 3 , 
the oscillation causes its free end to strike I he free end of the low« 
thrust-bar xi, connected with the contact lever below the p.vo ri 
This throws the contact lever over on to the marking contact 18. Hfr 
the next oscillation the small upright rod again enters a holernj 
ape the same action is repeated, but the contact lever being ataj 
against the marking contact, and held there by the jockey roller 
change is made in its position, and marking current continues .to* 
sent out to line. No further repetition of message-holes the pa* 
tape makes any change in the position of the contact : lever but| 
non nerforated unit of tape intervenes, then the small rod I 3 | 
obstructed by the tape, and the oscillation of the vertical lever 3 *1 
the rod 1 to depress its end of the thrust-lever 2, ‘hereby ra sm| 
other end 9 of the thrust-lever, which then, in the course of the « 
Son strikes the upper thrust-bar to. This throws the contact 1 
over on to the spacing contact 19, thereby breaking the marking cur 
and throwing spacing current into the line. If in the next OM 
Hon another noil-perforated unit of tape intervene, the : saim : 
repeated but as the contact lever ,s already testing on the spa 
contact, no change in its position takes place, and spacing C„ 
continues to be sent out until a perforation occurs ,n ‘he tape, 
by the action already explained, throws the contact lever overagag 
to the marking contact. It is always the first of a series of perfwrf 
units or the first of a scries of non-perf orated units of tape « 
operates to throw the contact lever over from one contact to the otli 
Bv this means the space signals punched in the. tape are convej 

into time signals of the real Baudot alphabet. ... ^ 

There are a number of details connected with the transmitter, 
the only one worth mentioning is the method of getting rid of 
that is to say, the method of ensuring that the positive and nj 
half-waves or units shall be both of the same length. In the ¥ 
stone transmitter, bias is shown by the galvanometer needle inc 
to the right or left accor <J->S ^ thci^adj* 

tUl (hc'bkis ceases' to show on the galvanometer. The best J-tC-j 
said for this arrangement is that it is rough and ready. In thelM 
transmitter a more precise and scientific method is used. I heecg 
trie wheel 3 l'i«. 20, makes one complete revolution for eadllj 
wave, positive or negative. A small steel pointer 21 - .nsertcdtoi 
eccentric wheel, and on the frame of the machine there s a. 
scale ,2. H the transmitter is driven very slowly by hand the 
ometer needle will be observed to come to zero at the moment W 
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witive or the negative contact is broken if ti-,,, t . . 

Ime division on the scale for a positive break as for po '? ts } 0 the 
| ‘here is no bias, and the pos2e half wte is the ^ 

^negative half-wave. If, on the othe hanH V T ^ aS 
fiely in advance and in retard for each half ’ 6 p01n f er ' s alter- 

Pjsts, and the contacts have to be adjusted till'd?^ ° f Unit ' then bias 
B/rWave or unit is equal in length fo fhe d «»rpears. As each 

fSeatstone automatic, and the indicator inst apparatus as the 

^desired as far as the Murray system is concerned n ° thing 

• “’& 21 is a general view of the transmitter At tv,„ u , 

ferarn of the system, Fig. 20 A vibrating ree l° Wn . the general 
|> s f alternately to the two motor magnets 24 lldZ l * c “ cal 
fe the notched armature 26 in steady rotation tk " d * 1CSe 
tdrives the star-wheel x S and eccentric' wheel e ara * to «> 
Mis in reality an electrical pendulum with the-, r Th ange ‘ 

Ihe speed of the motor The s end i ' "'t 8 T'* 11 ' l,as no cffect 
£“ Meal the “* *» 

fast the contact lever from the Hr' g ' , 6 IS a dlrect thrust 

•trength of the paper tape Hcnce'tP m ° cha " lsnl ' ’"dependent of 
we, to e ,„ eery R Zlel! ’ W — *-« 

m. 

Tub Distributing Mechanism. 

ITie distributor at (he reeei,,,',,,, 

Sting reed, and a recorder. In practice thcT ? tW ° rc,a J rs < ;l 
«ghan ordinary polarised relay ‘to elu th this re!’’ P3SS 

(.relays; but for the sal-e „f .1 . . s Ic a T operating two 

J ' ,ilrcl | t"'""gh the I wo L h!e"Tn.lays "y'nndaK fK>T 

i r? *- *4 ‘ JSttai 

age-holes in the receiving time i T !’ Wh, . ch -P michcs 
Erconsisls of ;i punrliinrr lirif L , ‘ * °. sunvn ,n 20. This 
ling magnet opera,"" g St' ™e 

4 corresponds with he s„nU rod ' 7, ? Pmch 3 °‘ This 

4 reproduces the moZ s ^ ^ ** *”■">*«?■ ^ 

ions in the tape On short - ' „ thct cb y reproduces the 

P ' U ” 51,01 ' c " cl,,t the punch and the rod may 
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zz rft-sss 

spacing the punchy 

=^~ESS=S^ 

52HSsi?5H=?SS5 

resriijw—sBS.'-S 

„l,m.l. S «q»c»t.on n < „ „ aollievM i i„ the Mlort 

manner! wtiicU “ho °t Li L™ «» »— *fl 

the two stations. :.7M 


Tiik Mr/nion ok Shciikinis Tsociikonism. 

..,.* kcpl vibrating by the magnet 35, beats against buM 

llie real .,4. 1 j amplitude of vibration, and.asli 

springs 36 and 37 . lust find some outlet, the frequent* I 

energy springs the amplitude of vibration vadj 

;;;"ropo.-tion to the 

butthefrequcncyiswmideHu yunifi^m. determined by tt 

«- »™ 1 10 1 1 r M i; B ?i. "1“ LL"' «- * *» t-L. 

“ k „ ,7 t L L it of the lo"S«o 39 hf the go.orntng r.W 

,“L ra , ™w ^ 

toloyo to o oloolioiil 11 31 ' ' | |'| ,..y are driven tW 

«, ll.nl Iter ^'.ireJe, n.o.o, in ted 

a few inches “t ' O Un. » 3 ) 3, oteUM 

the same time as tongue 41. Mi nee b . b l„ ft 

synchronously with the reed Tith two tong, 

the two relays might be ' placed by one 1 y ning rcUy , 

LiSw-L'itLi'rii ..ogiteoB “.f - °> » -fl 
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Kt W fo en tl!L 1C oS U H 0f the g0Vernin « reIa ^ ™ *« one 
moa C l “° other, there is a momentary break in the reed 

magnet cii eint during the time of the transit of the tongue. This 

#insit time can be varied to a considerable extent by 8 adjusting 

loveSrefflt and 0 "! 30 ' *T the C ° ntactS increases the 

LT T ffectand . closir, g them diminishes it. The reed magnet ae 
hnf 11 f- °T c,rci,,t at 4 ° '« the usual vibratory way. If the reed 11 

S ?lKSS m WHh r hC relay tao *“ », « le " fu » viSo y 
pulses wll flow tlnough magnet 35, as the two contacts at 30 and 40 

1 be opened and closed simultaneously. But if the reed fend, t 

0 faster than the arriving signals, then the two contacts 30 and 1 

Jggttsss srjxzssris: 

r r 5 r‘“"‘ = “ 

« fr ’■ “ d '™' V~Lg a°L i„'“*LXL! 

pened and closed together the water flows through in gushes ■ but 

en the reed is making sevenly-five vibrations per second (, 

ir-T trz‘ , sl «*, t ”• «*» ^ 

.1 =.,ni,,g over tT 5 « teL g LL n ‘=,™ k “ B 

punching contact 44 for an interval of 7 •/, 7 011 

J the reed then makes four vibrations, touching fhe contacts fo”’ 
»es and in this way punching four successive holes in the tape by 
r T’* ° f " 1C p,,ncllin S a,uI spacing magnets. The transit 
teeth 0 Jrfn C ^d H,C g0 T i,,g rc,ay 28 ^ be siid ;.o be 

tne teeth of an old saw. Some are there and some are not 

* line / Fig VV "go V at U f '," tary distances from °»e another 

* nne 4, 1 g. 15). So also with the signals, and there are alvt-av, 

^ n gOVOrn ' AcU,al 'y °'>e coraection per TetS is 

8 nt, but on the average there are not less than two and a half 

ters without upselling the isochronism, and if a line disturbance^.- 

5 ^c, S U Com - again within five 

L P Say I,alf a sccot, d at a hundred words a 

hue and C itT '* T V" step as lo "« as signals are coming fver 
’ Kl ' l 8008 out of ste P at ‘he end of a batch of messages, but 


f 

1 
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five space signals at the beginning of a new batch of messages ~mj| 
it in again ready to record the messages. By this arrangemen t 
necessity for sending correcting impulses over the main line to secif 
isochronism is avoided, the correcting impulses being generated locally 
from the arriving letter signals themselves. In this respect the Mfi jM 
system has followed the excellent example set by the Hughes. 

The isochronism diagram, Fig. 15, illustrates the co-operation of >8 
current impulses. It shows a section of receiving tape punched 
the word “ PARIS.” Beneath arc the current impulses, indicated! 
black bars. Line 1 shows the impulses given to the punching magot 
by the successive contacts of the iced 34 with the contact 33. .LIMB 
shows the uninterrupted succession of impulses to the spacing mag* 
from the reed contact 32. Line 3 shows the main-line signals. : tflj 
illustrates the great saving of line signals effected by the SMffl 
arrangements of the collecting and distributing mechanisms, .-WImI 
these special arrangements it would be necessary to transmit ovcf.flj 
main-line the signals shown in lines 1 and 2, that is to say, about^M 
times as many signals as arc now required. Line 4 shows the gapCJ 
the circuit of the reed magnet 35 made by the crossing from contact 
contact of the tongue 39 of the governing relay. Line 5 show* B 
impulses generated by the reed contact 40. As long as these impnji 
do not get into step with the gaps in line 4 they are not interfen 
with ; but directly they do they get clipped, as shown for the sake'ij 
illustration in the second half of line 4. The speed at the tt 
stations can, of course, be varied by altering the position and staft-J 
the weights on the vibrating reeds at the two stations. 

A speed of no less than 900 letters (150 words) per minute in « 
direction has been reached will. this recording mechanism, at whfc, 
speed the punching magnet has to punch seventy-live holes per 
and the punching and spacing of the receiving tape have been perfa 
performed at 960 letters (160 words) per minute, or eighty hole* 
second. Even this is not the limit, and it is possible that the *j 
might be forced up to even 1,200 letters (200 words) per minute, 
half the time is required for spacing, the punching of eighty hole* £ 
second means that the punching magnet operates in tiuth Pw 
second. As it takes a pressure of about 2 lbs. to force the pt 
through the paper, the punching magnet can not only operate 
considerable speed, but also with considerable power. For on 
commercial telegraph}’ there is no necessity for such high speed, ^ 
it is probable that, if the Murray system comes into general use j 
preference to other systems, the speeds required will be from abd 
240 letters (40 words) up to about 720 letters (120 words) per nunut*4 
The transmitted signals having been correctly distributed along! 
receiving tape 45, Fig. 20, by the recording mechanism just dcscrib*! 
the tape may then be used in its turn for again transmitting the Slgrtl 
over other circuits, or it may be run through the printer to translate! 
signals into printed letters. As the signals when retransmitted are *$ 
on in as perfect shape as from the original transmitting station,!* 
possible to transmit messages in this way at a high speed tO;gj 
distance overland — from London to Calcutta, if need be, Owing' 
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Ip B 3,80 

■ltd to sort out the messages there and n C ’ ‘° station D > 

jccordance with the addresses to any stations EFG * Ut ° maticalI y 

klt * 6al ” 


[ f T,,E SEC0ND Tk ans,at, 0N anp Printing . 

» "" •*» *** 

matures of the Murray printer are shown 5, P G nfec1, T1,e essential 

te-2°. The tape is fed along letter by letter ffi ^ g6 " eral dia gram, 
Utar-wheel 46 carried on a shuttle 47, which is kent” 1 ‘ ^ by 
|d rections shown by the double arrow A-B bvZi re T° Cating in 
Riprocation rotating the star-wheel oZi.hI Y " S ° f a cam > ea ch 
frow C-D, The shuttle carries a die nlat * S -j ace aS 6,10wn by the 
irence of the star-wheel, and havtai ^ thecircu ’"- 

lessage-holes in the tape. FiverodfaR c ° rres Ponding with the 

tabs 49, are free to enter the five holes in the"^ 6 ?‘ ldS ° f five s,otted 
JStructed by the paper tape which passes bet d,e ' plate lf the Y are not 

ate. On its inward stroke the shuttle with its diTVY TOdS a " d the die ‘ 
ith a letter group of perforations Y d e 'P ,afe Presses the tape, 

ids that are opposite holes in th ’ Z * nS 1C Cnds dle five rods 48 

ath. 

case of non-perf orated units of L e he altered - But i„ 

st back about A (h of an inch Bv V C ° rreSpondin g combs are 
utip of slots in (he combs, and only one nZ r’mT ° I,C P articlda r 
0 alignment so that a latch or cross-bar <0 iS brou * ht 

tough only four latches are shown, there are fifty " d /?f Into it 
rs, one for each of the fifty-six Dermi.hr fty x ° f these small 
batches or cross-bars are supported by i°? ^ gI '° Ups ° f slots - 
of the teeth of the combs. At the rielit m Umversa . bar Sr just 
,the direction of the double arrow F-E and ln ’ i Y bar dro P s 

ftmgon the combs; but only one out" of the f a Y® cross - ba rs 

btLlS C' P ° f S, ° (S «‘o 

combs form 

PS 8 f d 

the tape, and the universal key 51™ co'nt” 8 10 different ways 

».tape, however, is only an intemfediary Tim , 7 ,° PC,,ing the ,ock *- 

CCtively by the keys of the perforators at ° ,0clts :lry really closed 
%s of the perforators being real kevs h I transnut bng station, 
d, and not nominal keys like thos/of -! Y old »> ar y sense of the 
a,s sent over (he line are an exact conv n f ,| ypuwrdcr - Tl 'e letter 
keyboard perforators. This intricate^ f ! W ‘Y ds ° f thc ke Y s of 
71 table in all cases where complex o ° f ' teys and ,oc hs 

instances it is used in systems i tSSi^ £?% 
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outward appearance there is no resemblance between the Baudot 
the Murray telegraph systems, but the principle of the pemuta 
locks is the same in both cases. Fig. « A slunvs ".e systemori 
mutation locks in the case of the Baudot, and 1'ig. 22 H that empll 
in the Murray system. As the Baudot prints from a type-wheel, 
locks are arranged round a wheel, and as the Murray prints by mi 
of the straight row of keys of a typewriter, the locks are arranged 
rack Fig. 2-5 shows an average permutation letter signal of the B 
and Murray systems, the Morse, the Rowland, and the Hughes di 
on the same scale, and, for the sake of illustration, in the *«i 

ordinary keys. . , , , 

Let us assume that latch or cross-bar 50 in Fig. 20 has been sel 
This cross-bar, under the action of its spring 52. throws a hoi 
attached to a typewriter key S 4. " llder a striker-bar 55. whicb » 
tinually oscillating in the directions shown by the double arrow 
and the typewriter key is in this way sharply depressed so as to 
The object of this arrangement is to secure speed and smooths 


form 1 


TELEGRAPHIC LOCKS 


Fio. 22. 

action. The moment the hook 55 is engaged by the striker-bar 5£j 
system of locks can be opened by the universal bar 51 and dtf 
again with a fresh letter permutation simultaneously with the pnrt 
of the last letter. This arrangement practically doubles the speed t 
the printer The shuttle on its outward stroke restores the com^ 
their original positions by means of the plate 56, which engage, 
inward projecting teeth on the overhanging ends of the «* 
The cycle of operations, including the rotation at the right mon 
the star-wheel 46 through one letter space, the reciprocation 
shuttle 47, the reciprocation of the universal key-bar 51, the osdlW 
of the striker-bar 55. and the return of the combs to: r.ero position i 
for the next letter, is performed by the usual battery of cans m 
found in all automatic machines in which the cycle of motions 
and repeated millions of times. When the cycle of automatic 
includes hundreds of different successive motions and is °nly r 
thousands of times, we find, in place of cams, a chain of perfod 
cards, or similar devices, as in the Jacquard loom. When the ew* 
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!? erf r ed once, we 
only repeats when it h as “0 ZL In this casc ‘he 
berof individuals, that is to , av the motions of a large 

the case of a telegram to a private ^ dis P^hi 

!y. In other words, the niotions vvith^vmviwj 110 taf ? e 1 / used once 
enormously more complicated than thn • eg, aphy has to d eal 
system of weaving That is m ’ C m ° St com Pl>cated 

r '••boss * lhc 

* ,hm " * ■**•■■** 

TELEGRAPHIC KEYS 
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UNITS 
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cross-bars, one at each end m ,S °l ,<!ra ‘«l <>y two 
A, Fig. 20 . At ca ' H ‘ " arrangement is shown more 

. d slot, and (he two cross-1 1 I, C °"” Wi " bc "oticed a 
.Wedge-shaped pieces f!n slylkhm Z" ;lt 57 and 58 

When a figure-shift signal is irinsmiM ' tl,CS0 V ‘ s,m P ccl 
.» 58. This drops inlo ii u ■“emitted, it selects the figure 

ledge of the figurc-coinh slofaild 1," * slota ’ sl, ' ilfcs "Kainst the 
fthe left in the direction | here v n “l? col,,b of an 




[Ml*. 20, CIOCS lliC liii;, ami ail mai n^oocuj 

ape properly on (lie star-wheel. To enable this to be done 
acilitv, each batch of messages begins with four or live space I 
is shown in Pig. 24 at 1. The space signal is a perforation 
third-unit position. In the star-wheel 2 it will be noticed thnt 
fifth tooth is omitted and (lie vacant tooth positions blacke 
tape 7 is inserted in (he machine so that the space holes 1 come 
ttic missing teetli of the star-wheel which show up black through 
fifth central hole in ttic tape, as shown for the sake of illustration I 
blackened centre holes in the tape opposite the space signals I. 
tape is then in unison. In the event of it not being in uni 
be put in step by rotating the small unison arm 3. This bagl 


00000 (Caps), is repealed, no further action takes place, and the 
remains idle till a letter signal comes along. Thus, in the tape 
Fig. 20, there is a correction consisting of five letter-shift 49 
which have been used to “ rub out ” a wrong word of five lette 
the reason just given the printer remains idle during these fi 
spaces, and there is no trace of the error in the printed messagi 
A11 interesting point is the method of securing unison. T 
Murray system the question of unison is removed from the i 
the tape. As with the Wheatstone recorder tape, it is a qi 
of correctly dividing up the signals on the tape. With the 
alphabet each letter occupies five units, or half an inch on the 
Hence to divide up the signals properly we have to start at th? 
unit and then measure F units at a time. The star-whc* 


METHOD OF SECURING UNIS 
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smma "PE BV telegraph. m 

«■ 8 » . 8 “w“ 

Wheel and the space signals show at a nl * ' C ln,ss,n fi tee th in the 
Rssage whether the tape is in stl ufT* the be g*»"ing of 
■unison to fail in the middle of a message lnt .® rri, P tio " causes 
-1-0" arm by the attendant set all r.VI t °- ' ree revolufi °ns 
P i' a ppen, however, as a line inm . , g il gain. This does not 

fct seven letters before Ihe CnVson be comp1 ^ for 

Tuptions do not disturb it Apart fm ^ affectcd ' Momentary 
1 the receiving mechanism perfora Hne interr »P- 

acy ; On short circuit it vv il n fi fo, , P ° Wifh sur PHsing 
t false perforation. fo1 bol,rs without making a 

regard to tlic printing of flu* 

hr motions of the sheets of paperto be'nr'o mT ? ph for,ns > ‘here 
d two vertical, as follows . - P b provic,cd for, two horizon- 


i 


Horizontal 


Vertical ... 


Letter feed. 
Line feed. 
Column feed. 
Page feed. 


i 


To provide for !m aulomatk: 1 ^ a,U ° niatica| fy by the type- 
Wing device 0,1 the keyboard perforators'* T — ' S 51 sn,!l11 ,ct ‘cr- 
typewriter line of about seventy lottera A "* V 11 ! catos «« end 
B punches a line signal in the tane t.. A CCy ' S hen depressed 
N station, where it operates ,a sn^ , ? ’ S transmitted ‘0 the 
P, frows «n a clutch, causing automatic m 7 ^ typewriter < 
Ner carnage back to the begin dnJ "^hamsm to pull the 
provides the column feed up to a new line b ' The same 
lused m most modern typewriters rim by f Slmplc arrange- 
and has not yet been „Z 7 , pagc fc «! is niore com- 
|g telegraph, although there are J'°" ,plctcly automatic in any 
M° od SL ‘ rv ice with printing * presses'' ‘ l *' ol ' ,:,dc 1-gc feeders 
M illustrated magazines arc printed’ w !• fact * ma "Y of the 
r efs by this means. At present in the °J! hltlC!l " y fro,n !l Pile of / 
fe managed as follows : A stop ^ TUy systcm . th <= page ' 

• end of each message, and ^ "* ^ transmitted on the tape 
gebriclc to the beginning of a now lin ( I. I" 118 <Ilc typewriter 
ilen da"t then pulls out || U . finishc l ’ :,so S, °P S the printer. 

Mevice it automatically LTS’at ~g- by J'and, am. by a 

tlegraph blank pulled in to the ri.dit 1 V- g ,t po,,,t ’ ,cavi "g the 
Ben presses a button, which staits ll ^ 1 ’ 0 '"'' The »‘ten- 
Je. file process is quite rapid Later ^ P . r ,'" tcr on (,lc next 

P J make (l >c page feed completely auto, !■ prove wwth 

feed itself from a pile of cut telegraph h 7 'T ^ printer will 

ftisiei. I lie chain of 
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mechanisms will be completed by an automatic folding and en 
machine, which will fold the telegrams and thrust them l? 
parent envelopes and seal them so that only the addresses * 

through. . ; 

The printer, two views of which are shown in F;gt», AM 
now driven by a small motor consuming about 40 watts for^g 
of , 4 o words per minute. This motor also supplies the pov, 
automatically returning the typewriter carriage to the begin* 
new line. Fig. 27 is a general view of a set or station S 
apparatus. Only one keyboard perforator is shown ; but in \ 
three or four arc needed. yl 




Capacity op the Murray System. 


Si 


ifr 


The speed of the printer is now not less than 900 lei 
words) per minute, and the automatic portion of the mechar 
perfectly up to about 200 words a minute. Unfortunately,! 
no typewriter yet constructed will stand the strain of more tl 
720 letters (120 words) a minute in continuous service. Tn0, 
tape may be divided into sections and run through two prltt 
the apparatus has to be worked at top speed. Under existing 
tions however, high speeds for handling commercial messages i 
many reasons undesirable, and a maximum of 120 words 
in each direction seems to meet all requirements. 

In practice with the Murray system— as with all otherWj 
systems from the Morse key upwards —the average output is HI 
limn about 50 per cent, of the maximum. Time and patient 
doubt stop some of the leaks ; but others, such as errors 1 
line interruptions, seem to be incurable. The British Post 1 
now had the Murray apparatus in use for seven hours a day 
eighteen months between London and Edinburgh, handling, Ig 
commercial telegrams, and the German Post Office has beengISf 
prolonged trial between Berlin and Enulcn, and is now equippU 
circuits with the improved apparatus. The Russian Post Office It 
decided to give it a trial, and lias ordered Murray apparatus!# 
(wo circuits. I11 this case one of the conditions is that the sysM 
transmit Latin or Russian characters at will. I understands^ 
experience of the British Post Office is that five operators at 
of a Murray circuit, equipped with the apparatus in its oilgM 
can exchange about 200 telegrams an hour, and under nM 
circumstances occasionally as many as 240 per hour. With jj 
motor-driven printer, with automatic line feed, invisible C0jT« 
errors, and other improvements, it is estimated that it will. Im 
for six operators at each end of a Murray circuit to exchange M 
messages an hour. T hat is to say, twelve operators on one 
circuit will be able to do the work of sixteen men on two|I« 
rnplex circuits, or at lower speeds eight operators will be a! 
the work of twelve. Actual tests show that the improved pfl 
a maximum speed of five messages a minute, so that the 
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age may be safely put at 150 messages an hour. A weak point 
many printing telegraph systems is durability. I understand that 
lis respect the Murray apparatus has proved satisfactory, 


Automatic Typesetting iiy Telegraph. 

ention has already been made of the fact that the Murray printer 
originally designed, not for telegraphy, but for automatic type- 
■g in the ordinary sense of the word, the idea, inspired by 
aper experience, having been to operate a linotype automatically 
eans of a perforated tape produced by a typewriter keyboard, 
al machines of this kind are in successful operation, notably (he 
on Monotype. But of these inventions the Murray is the only 
at has been designed on lines permitting of successful telegraphic 
pment. I11 fact, in the case of the Murray apparatus the 
tpliic development has been so successful that it has quite over- 
wed the original typesetting idea. Three years ago the Linotype 
any in New York offered to carry out the experimental work 
ed in applying the Murray key-selecting mechanism to the 
pe,and want of time alone, owing to telegraphic development 
nted me accepting that offer. It is obvious that it is just as easy 
rate a linotype keyboard automatically by telegraph as to operate 
ys of the typewriter used in the Murray printing telegraph 
I. No doubt this will be done in time, but the labour saving will 
vel 'y g 1 cat. I lie cost of setting a column of news matter by the 
e is roughly about 3s. fid. The automatic mechanism would double 
ccd, but, as an attendant would still be needed, there would only 
■ving of labour of about is. qd. per column, ora saving of only 15s. 

per night even for large newspapers. This would hardly be 
ent to induce newspapers to start automatic typesetting by 
-ph, but the possible saving of time is a more important 
The saving of a few minutes is vital to newspapers at certain 
and this may ultimately lead to automatic typesetting by 
'apli ; but there are many obstacles in the way. One is the 
Sityfor press messages being revised, punctuated, corrected, and 
cut down before being set up in type. The Murray is the only 
latic apparatus making provision for this difficulty by allowing the 
tial corrections to be carried out by the compositor while the' type 
ng automatically set. All that can be said about automatic type- 
gby telegraph is that it is a possibility of the future, and that if it 
neat all i't will have to be done on, the lines of the Murray 
ratus, because the Murray system alone is practical both from the 
■taper and from the telegraphic point of view. 


Typewriting Across tiik Atlantic. 

iiothei iutcicsting possibility, with better prospects of early 
icment, is printing telegraphy in connection with ocean cables. 
Jjs been 1 endcred possible by. (he Murray apparatus in conjunction 
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with Mr. S. G. Brown’s beautiful cable relay and perforator, a 
Cooke alphabet shown in Fig. 8. A sample of this alphabe 
forated in a piece of automatic cable tape, is shown in Fig. 
this is an equal-letter alphabet it can be perforated in cable tape 
slightly modified form of the Murray keyboard perforator iuf 
described, and this tape can be transmitted in the usual way tbn 
an automatic cable transmitter. About two years ago the 
Telegraph Company used some tape that I had prepared wl 
alphabet to transmit from Porlhcurnow, and no difficulty wasfo 
reproducing the tape at Gibraltar by means of the Brown ret 
perforator.' The length of the cables from Porlhcurnow to Gibr 
1,190 nautical miles (about 2,160 kilometres), and the KR of 
cable used is 2 8 millions. A slightly modified form of the M 
printer has been designed to print from this tape. .Six cplj^ 
provided with rods projecting alternately above and below to ’ 
with the message holes on both sides of the tape, and tuC 
seventh figure-shift comb. Not only is this auangement 
practicable, and the instruments all known to work well, buH 
the advantage that, as the alphabet is about 10 per cent, short 


SAMPLE OF COOKE ALPHABET 


tlie cable Morse alphabet at present used, the carrying cap 
the cable is increased, roughly, about 10 per cent., a considers 
when dealing with such an expensive investment as an ocean 
It will also be noticed that fourteen of the most frequently used 
in this equal-letter alphabet are the same as Morse, lhose acct* 
to Morse cable tape will notice that the sample of tape in Fig. 
be read without serious difficulty, only one letter, H, being di 
from the Morse. With such a world-wide business as that 
Eastern Telegraph Company there arc difficulties in the \ 
introducing the Cooke alphabet, but in the case of the A 
cables these difficulties do not exist. There is no technical 0 
in the way, and it is undoubtedly practicable with the aid 
Murray keyboard perforator, the Brown cable relay and p 
and the Murray printer lo work a typewriter in New York by 
on a keyboard in London. It is also possible by the same 
operate a linotype in a New York newspaper office by pla 
keyboard in London. For commercial reasons the possi 
automatically setting type across the Atlantic can never be of 
importance, but typewriting across the Atlantic is well wit 
bounds of utility, and want of time is the only reason why it 
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m * ,!VP0SSib,C d -elopments of 
.attend to them all" ^ m,possible '°r one man unassisted 


| A Brief Compare and a Few Words About the Cost. 

Igraphyon 1 : 1 n rE 'h Tec' m to ' h o't ^ h' Gt Nf n ' *° ^ S " bj ' cct of 

pre-eminently adapted for Inner i f h ° M,,rray automatic system 
Wind cables, and p”cssZspZZ<Z ' Hs”n ° ""I’ ir °” wires ’ ™ d <- 
6 received tape, its high Leed 7 l a ’ 1 ° wor of '•^transmission from 
M and invisible c io f r S "" Pl,Cll) ’ and its Pulsion for 
Hy secure for the classes of lrkT s l TT ‘V** 6 “ S positi °" 
fence traffic the multinln nr' ■ , 1 S mentl °ned. But for short- 

K "■"» *»“5 d p , “ p • r ,a ; n i y wffl ”* ve * n " b «' »' 

lot With the multiple svsfen/ !r ? ,abour - This is the weak 

■these systems the Baudot is to^r" '' ? hey do not save Ia bour. 
1 the Murray system it is rn'nci I mind, undoubtedly the best. 

fet of further d^ effipment a, d a“d ? u" trU0 Scientific Iines ‘ ba ‘ 
Itries. It works weT through P m t0 the needs of various 
iances (thanks to the Baudot • ° Ver C0nsidera ble 

^addition to printing its mess "„ P abe ’ but lts cbief ’''citation, 
|nism, and for isochronous wm-f" ° n tape ’ is the use of syn- 
> wires, while the Murrav iisps”" 8 ! ° Vef l0nf ? dlstanc es it uses 
^theoretical capacity of the Baudot” ^ ° ne ' Ior sbort dista nces 

» 5,400 letters (000 wordsf - “ “"T 0 " 8 * pr6babIy not less 
pages — but in practice Zmt, Z ’ n . m ( l,te - dilc “ type-printod 
linute each arc attempted oivimr s,x 1 tninsln,ssio "" at 30 words 
s ) per minute. It is usedZn all'fl ” XI """! 1 °[ ',08° letters (180 
is connected with I ohdnh u 'f bl ' Sy circuits in France, and 
and Algiers by means of Ba Zot & Berlin ’ Vie "” a > Rome, 

in use in Brazil and in French Indo-ChS!” SetS are 

nd S multiple f . system, L and° Zhav Z 0 ” devoted to ”’0 

eers connected with this interesting 0 ”° Z' 1 ’* that ‘ he cievcr 
•Yemenis. Being a direct transmits ppa,atus Wl ” continue their 
rrected without s!oSg T ^ iSf ^ ' 

nd alphabet bars it from use „ 1 message, and the 

[■distance traffic. Its potentialities 1 n,,dc, fi rot,nd cables and for 
ice traffic are considSie 1,' IT™’ ^ ha ." d,in 6 *hort- 
(300 words) per minute dm, I ‘ lnl " ,n S P CCC ’ is about 1,800 

- '«-ii„„i,r!«S“;,r:; xt? t- *- 

mg even the Morse key there is '1 lcIc graph systems, 

performance. The Rowland svi * l '^° ^ ap ’Ctween promise 

>h Post Office about three years ago Zh,c Z il " (l '° jCClUd by tho 

on trial on (he Continent/ 8 S,ncc ’’'cn several sets have 
t it cannof fo"// s ZrgZuhZ ;l ' ,ll0t rctransn,it likc t,,e Murray, 

tlftoo miiijl, crofcenl. es n,. n ,ccs 1,01 'ct'.riro.iit news so coir 

t? ~ " - -- 




1 


1 




m 


ter 


r* 

is 

ft* 

iB 


596 MURRAY : SETTING TYPE BY TELEGRAPH. t* 

„ inn cr HUHnccs of 1,000 miles (1,700 kilometres) duple*) 

iSXS&SrfSA 'voids . mii'oto.i" 

I. — - ■«— * “» % 

Office durinG thc winter of 1903. 

A ve vattmetive scheme for high-speed pm, mg telegiaphfl 
use of light and photographic paper for the pruit.ng proce^rb 
systems employing this method have not yet got beyond theint 
, tL 1 siemens ft llalske photo-printing telegraph is the- 
up to the present, and it reaches a speed of a.ooo letters a mmr 
j- 1 • l 1 tu rnessT,ges coins out recorded on a. damp pi 

“ o” - — “ ry promhln ‘ 

ip,o ";8'pr“ d s h 

1 (his comparison that tc! 

Morse quadruplex scl, «.«» counlric9 have habituaUy 

wroimh^as I'believe. A Baudot sextuple outfit to equip both 
"longlj, as 1 nei francs, or, in round n 

°ZT?L A complete outfit of the Murray system costs a 
about £< 00. P p is exnectcd that the cost of manufact 

Oncost of development, 1, as only been somewhere about £ 

"-rryHi 

Imnf ^ 000T0 ^^comp^d Ydth tlm Morse quadruple*; and 
wdl" in Vhcmase of the Murray system, at any rate, save about | 
cent, in labour compared with the Morse key and sounder. 

Conclusion. 

It has not been possible in tins paper to do more than refer! 
It has non e I (() ,, c fffiijjled by successful 

' ’ C n hsto'the relative advantages of the multiple and the at 

telegraphs, to the, um, vc .n^ of direct keyboard 

mission’ and of indirect automatic transmission, the relatw '4 
lhc typewriter and other keyboards and keys, speeds of 
keyboards, and the advantages of machine compared wl 
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Ifcoints in U n th , ere , Wi " , n ° d0ubl bc opportunities of dealing with 
" ll ' e technical journals at some future time. Nor has it 
n possible to touch upon the practical difficulties which have been 

S tow ’there y “ °“ W “ h P a g e -Prmting. To enumerate 

idling Si” Sp .^'f P a g e "P 1 * n ti n g telegraph difficulties in 
inn® \ f t ,- C C,al telegrams, practical working difficulties 

ingmu of fine disturbances, checking, and corrections, difficulties 
d on the necessity for following the ordinary telegraph routine 
ich vanes in each country, and difficulties connected with the use of - 

these t d rr ,a, |r' form " a " d prcsclvi ”« -cords of messages Many 

tf growfup ln S th rC M Smal ,‘ a,Kl ' ,n Pa'pable that even men who 
Re grown up ,11 the telegraph profession have failed to recognise 
if existence until actually confronted with them. Their invisibility 

hive 1 “ " made thCm any the ,ess tormidable, and the fact that 
have been overcome ,s due to the cordial co-operation, advice and 

Sinmu'r y 8 ' VC " -n UlU lcle 8 raph offici;,ls in America, Great 
ft Si" 'W ■ ,>os(;l1 Tclcgra,,!, Company in New York 

JJV K:,pb A d mi ms trail oils in London and Berlin have devoted 
he Mu ,ray system not only time and money, but the best technical 
iU of their engineering staffs. And the results, I hope and believe 
1 prove satisfactory to all concerned. ’ 

Discussion at Meeting of March 2nd. 
r. J. Gavey : I think we have all read Mr. Murray's paper and Mr Gavcy 
of n on CXP a ” a iI ' 011 ° f thc workin 8 of llis apparatus witlma great 
ti/td s n’"T' , r S P ? C '' is VCly v ahiablc, not merely from 

he ml es of ll ^"n “ S "«K Bsts - In of the statement 

e makes of (lie plethora of printing and writing telegraphs that 

.been invented and described, it will no doubt of cur to members 

“princiDTl tei?r f- ‘I 3 - 16 ’' S ° rnan - v >’ ears of telegraphic work 
pr ncipal telegraphic administrations still use the old-fashioned 

1 ic greater portion of the telegraphic business of the world 
e are various reasons for that. Mr. Murray has given us Tome 
ngs othcis he states that (he Morse alphabet is fnr sc thc ideal 

proven tod' so' f " 1,11 s 1 11 ' ss ' 0,1 ' there are other reasons which 

prevented so far the general use of machine telegraphy. The 

aplnc public have been educated to a high degree of speed, and 

t h ""I" ,ap ' d ’ !ltc ° f clclivc, y whether a message has to 
snuttod over two or three miles or over hundreds and thousands 
' N °' °'ily does a man Glasgow expect his message to be 

L , d " q. on 1 r ° n as (11 " c,il >' as a man in Westminster expects his 
be t ansm, lecl to the City, but a New York man expects the same 

, • I bur<;s " 11 is lllal there is a tendency to discourage 

opeiahon that intervenes between (he receipt of a message at the 
to and its passage over the wire, and again at (he far end between 
fcep tion and its being handed over to a delivery messenger. The 
fchs thal most telegraphic administrations have considered thc ideal 

E i ’l i a , I " la ' U,al syste,n - "; vo,vin g tllc use Of thc simple Morse 
which the messages are brought up to the instrument at thc 
«rdmg station and despatched over the wires, while at the 1 
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out without any intervening ^ eUent system for the rapid transit! 
that although this may - ^ of the capital involved mU 

messages, it is rather cos y ' dif(icl ,lty has been got over ill 

erection of numerous 1 •• hanncls avada ble on each wired 

measure by multip y» e . other methods. I observe tj| 

duplexing, by quadruplexmg, ■ 1 quadruplex method. I ne 

Mr- Murray does noi ^’tio the increment side of a quadn.pl 
not say we all know that the . - tcm> an d that when troub 

system, is always the weak p°. t ' with which the telegraph in 

; ,ise from bad °« - ^ ;lhvays f:li ls. I may ft 

has to contend, the I? . u _ m:ir kcd measure of success ml 

however, that we have luc ■ > n(JW underground lines whi 

use of quadruplex working o completion, bet* 

are now being laid, and are r'“ 0 f these wires had to 
London and Glasgow the " ‘^X ilar to that of a telepta 
laid up in loops; in fact, the deg amount of mut 

cable, because we knew to ™ ncif ,hbouring wires if U 

induction, static am magu • ^ Wc provided loops, therefj 

were worked as single wn ■ • ’ d t , following method 

for all main circuits and have adopted^ ^ ^ 

working so as to get as generally put a high-speed Wh« 

we could out of sing e ® _ ■ ^ ;md we superimpose on th 

stone or a quadrop ex cir ab , c in ’ th at manner to get. six chai 

duplex circuit, so tha mcthod of effecting economy, and 

out of two wires. 1 hat „ow. when wc come, how«* 

are others which I need f „ K . ,. osl Office, the transmission 

to one of the important funct ; , „ ot only been gent 

press "'alter, there nine h etch J ^ , ||c vvork 0 f the CO 
used, but I have no lies . witho ut it. At least two mill, 

could not have been earned Post Office wires every nu 

words have to be trims., n **™'*^ ° s th e Wheatstone systet 
but without the machine to • efficiently with the amt* 

would have been utterly >™l^\ to ™ Wheatstone system i» 
of news liandcc m m , n iissioii is concerned. The recep 1 
admirable one so fa. as 0 ,.|i„n. Work can be tu„ 

has always to my mind . a hut at the far end 

out at three or four , ' H ^ , <(taff to wi , c out laboriously from tf 
necessary to employ . • <-■ Mr. Murray's beautiful systettl 

record slip. When I hear Mu s of M ^ c J lonlical distribu « 

struck me that theunn j - *' ; an improved method of deataf 

our news mattci, as wen l 

with ordinary public messages (cm w(j arc alvV ays experiment 
With reference to the < l ,. ost office. In the 1* 

with various types experiments with the Row* 

eighteen months wc tm _ • ^ J hich vvas exhibited in Pl| 

telegraph which Mt. ■- ^ jn a papcr ,cad shortly after | 

and was briefly esc" 1 lh(J Uuckingham ; we have tried! 

^Sjfn whiJh they profess to send twenty-four messages * 
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[taneously on one wire ; we have tried the Pollak-Virag, in which a Mr. Gavey. 
punched slip is reproduced, not in typewriting, but in actual cursive 
characters, and we have also tried the Creed and the Murray, Mr. 
lurray’s is a beautiful system, and all I can say is, that I hope it will be 
'as successful as it promises to be. Perhaps the feature in Mr. Murray’s 
Apparatus which has struck me as being the most novel, and certainly 
vhich I have appreciated very highly, is his extremely ingenious 
Sethod of obtaining asynchronous running between the transmitting 
Hid the receiving apparatus. His method of placing spring buffers at 
lie extremity of the vibrating i ced, and thereby admitting of regulating 
jhe speed by varying the current due to clipping the signals, is a beau- 
tifully designed piece of apparatus, and in itself I must say it struck 
ne as one of the prettiest and most novel features of the whole design. 

, 1 .Mr. H. Laws Wehii : Mr. Murray has, I think, covered the subject Mr. Webb, 
try broadly and very deeply. I have marked three or four points 
hat occurred to me in the paper as being of interest to discuss. Mr. 
lurray says on page 557 that the fundamental distinction between the 
Blcgrnph and the telephone is in the simplification of signals. In 
he long run the proof of the pudding is the eating, and the funda- 
mental commercial distinction between the telephone and the telegraph 
that the telephone gives you direct communication between the 
eaker and the listener without any intermediary apparatus or trans- 
mission or operation, such as Mr. Gavey has described, of taking the 
Message to the operator, and of sending it out again, and so forth, 
hat is the whole point in the difference between the telephone and 
Be telegraph, and that is the reason why the telephone has completely 
hidistanced the telegraph, in point of volume of business done, within 
1 very few years. You will find that in long-distance telephone 
Ifvicc, in spile of the heavy wire cost which long-distance telephony 
Solves, and in spite of the high cost of using it, journalists, who arc 
jay acute business men, use the telephone for transmitting their 
ssages, because they find they can get more work done in a given 
ne and at a lower price by the telephone than by the telegraph, 
fith regard to the question of telegraph alphabets, Mr. Murray states 
frith absolute certainty that he has the best alphabet, so there is no 
ed to discuss that question. The question of errors is a very 
Sportant point. Mr. Murray described, on page 577 I think it is, 
pw the perforating operator can correct errors, how a typewriter 
erator in every page makes some mistakes, but he has consciousness 
(those mistakes in the making of them, and can rub them out. With 
■ ordinary typewriter of commerce I find a good many mistakes 
ur that the operator has no consciousness of at all, and I have no 
bnbt the same must occur in perforating telegraph messages. Tlicre- 
ixehomo errors gel through to the receiving instrument before they 
(noticed. It would he interesting to know how the received errors 
(taken care of. I have studied the paper pretty carefully, and I 
J not find that point described. Errors must naturally occur, in any 
(itgraph system, that do not go out to the line on the tape, from 
kicks” on the line, and from impulses getting shortened or lengthened, 

«ich must appear as errors on the receiving instrument, I think that 
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is a very practical point ; it would be 

actual received criois aie ‘ ^ Mllt . ra y j s an authority^ 

perforator, on page 579, 11 i.mlicc to the actual possibllitS 

!„ c subject, I M* k. '^1, Jhc <4 

of key-board perforators fo. tclcg 1 producing letters 

board perforator which is an elec uca A pc rfou , P ^ ^ 

unequal length, has absoluteb displaced^ ^ fonnevly used (< 

Western Union Company all t , calvic ity of the opefll 

Wlieststonc w* «- J 3 k 
is so largely increased. . voile tu n ^ <rf ^ 

operator can perforate niossa„i. ■ ^ Oshed out a record of ofl„ 

minute on the Bucking nun pci ' ■ • t f 47 708 message 

T ":L'i 0 “"r m 3 -4 * ** °” “75 

woi king — an aver«i to ^ j , nvcr f| ic average. On son* 

this gentleman's work event jej ^ onc day 7O0 odd, and the* 

days it reached 600 odd n . . K q-|, c American mesfflg 

were numerous days with ovc 5 ■ ‘ ‘ mcssagC) for the rcaSO 

averages a good deal lougei lan J ^ and the signature free, a«i 
that the custom there is to g-e the address and ^ ^ ^ ^ - 

people therefore wnte ai p ‘ considerably more than in. 

' S ° I do^lish to make any captious criti. 

average English messa_, Murray is so convl: 

but I think it if he had left . 

that he has the best alp • ..,.,iolion to his own, because tli 

otlicr systems and cmn niet us e _ might reasonably obj 

ureone ortworema shcraU,a^.. t nlw ; ; s ^ ;l|ld rejected 

British Po^t Ofltce^lin^nK '( a J i^'w'as' trietL 

r V-J. £& 

• months, but I think he vti ncluallv tried in steady work 

Ume. The Buckingham s^s, cm was ac ally ^ 

I'm Post Office olerahng staff had fairly a chan 

trial was stopped be of course the- trial of a new systeml 

getting hold of a new : Tj-v,. Of ^ ^ ^ ^ ^ ^ 

that might i- c ; x s ° 11 . 1 1 > i — • ; ; ^ ^ ;m operating staff « 

its strong pomts. It s n- 1 junickiug up the working of a 

"ave a certain amount of m" * ''Jonslitutes a very thorough 
system, so that I do no ,, osl office, which wasal 

although I can quite unde. ■ ... , i(1 no t wish to carry 00« 

experimenting with he Murray ■ - ^ ^ try .„ R to flirt with «i 

hmg experiments 1 ik . af ,,ee with Mr. Murray's rem 

people at the same. • ' . j . u , n aralus for working a 

on page 596 "' ;l t tl ’ u , maU consequence when you cor 

speed printing system . ■ ■■ ^ <)f „ )c Hncs an d the amont 

H in comparison with l thc lhc ory that Mr Q 

labour which it saves I qmle I t o{ hand , 

bas mentioned in cxplana u n o th 1 
ing, that what people want is very rapu. 
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account of distance, and demand a minimum amount of delay resard » 

liscussions here were to take clace in Volar,., I, . , , ciec that our 

ey succeeded 01 not I do not know, but I believe a ntl.or .-i r 
isnod intervened. I think that before altering the alnhatw * chaot,c 
item we should have to consider the |? r Iphabet on a "y'"rge 

win. i.i. aipi..b°t, m, m™ ,srr, 7 y - In , c .r 

Uportant when they have to be def, litcly fj 0 ' w’ ^ b ° COrac 
tested in the question of key-hoard p 'ffora^ ’ m ' Ch 

testion of’'speeds to' be'aUai'ncT T' bCf ° ,C V °' y '° n «> “"d^hc 
istgoes to work with one lim.or 111 . "' 0 expert 

- - ttfcShJ .ta-wrri ] 
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wc „ There is one difficulty with all these improvements that 

i *ii . ii u , , 10 ticc of any large submarine telegraphic entefj) 
brought to the notice ot a y <• ° hut lhc great distances, ant 

Improvements arc desirable, ot com sc, mu nic h . 

climatic and other influences; present certain difficulties. Still, w«^ 
always °t r y hi g to carry out improvements, and are only too wdhngj 
theni As far as the cable interest is concerned, I ambotfl 
that a 'nmiy of the 

well worth our attention. 1 ,7o Regard to alterJj 

enormous amount of « sca ’ c l ^ Wu rath ® thought that tW 
currents, magnetism, and self-induction, v have long sit 

things had nothing to do with - at ■ - J ^ 

fo| . telegraphing with h , 1 J ^ pf (ho , Mlsincss with which I if 

useful fot long lines , , , . , 1C Q f ;ul y service what 

«*••- rsw smsa 

«=* 

out promptly. I he initial < <- ■ ic:lti on of news in thevariwi 

translation at the end would d 1. « - I « ,, lthe r a slow 00 * 

editions of the newspapi i s ■' ' .. ,, lcr slower apparently tij 

compared with the " ’"j wemu lTiply the number of wires to 

transmission than the ^ ^ ^ have n wire for each separatt 

increase the i.itc of ' the messages as they are handed! 

service, and an operatin' banM G the ^s g ^ ^ cived in 

direct without any pic\ m< s which reipiire no further ttf 

newspaper ofhees m Roman ^ mip( ', sUol ,, and in » 

lation. l hcy aic mnt <• ■ public within a few se 

instances the messages . u cd 1 u ^ |But for long . dis! 

of their having been . s a vc ,' y inlp0 rtant consider* 

SS^f^Xt this” interesting system might be of very con 
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tXXSZ&S?" ,6e wl “ ,lslone - whlc " »'•»«■* 

Ji'SHJlSn » " ,,nk thh sHo«W do*, with- 

U an appreciation of the admirable way in which Mr. Murray’s paper 

tinmen u 11 !S a model aad a " example of logical ™d orderly 
mg out of a beautiful invention. Both as regards the mechanical 
gic-if I may invent a plirasc-and historical sequence the naoeHs 
1 exceed, ng, y .nteresting one. I do not think \ better paper 

smut on ^ an arr:,ngC,nent has been ™ad before any scientific 
St tut ion for many years. I was interested in what Mr Murray «W 

fia fc G%teir-S 

.sgow .It too words a minute without a relay. The Wheat- 

«jK ’ML* £V3,VttS 

mute is easily done on press work where one gets sheets of 
or 120 words each. The Wheatstone perforator has only three 
s. There is no need to look at the keys at all ; one could punch -if 
speed in the dark if the message were dictated to him, except for 
act that a good puncher keeps an eye on his slip. He can ead 

kinTout for ( S ,P T than hc Ca '> n—b so tlmt the process of 

, n "f ° , f r '.; l , lw ' l y s considered an exceedingly important one 
• y i C J feres with the rapidity of punching. If with a Wheatstone 
fc",w", conlp ^ „is Idler k jn ,b. CSS 
„ ° a minute is a commercial speed, it seems to me that with 

Bctice^ough't °to C l key '! ,oard ‘'islrument operators with sufficient 
BCt.ce ought to be able to reach a speed of from 8n in 

J * * m,n " te - Whether they can punch at that speed, and also keep 
I ye upon the slip is another question ; that will only be answered when 
.apparatus gets mto regular use. A Wheatstone^peratoT ^ 0 " 

Kh 40 woids a niinufc wilh six months’ nrarlice • if 1-.1 

E 3 Sr;::!;;'" 'r r/; 

“res nf M M ^ po,,,t "' al stri,!CS mc as historically 
westing. Mi .Mm ray mentions the possibility of a "space” aloha 

t I wonder ,f he remembers that the old Cooke and WheaSone' ! 

Scd bvThe ' ' 1,1,1 a S ' ,aCC Si8 " a ' “'Phabcf. Each letter was 
icatcd by the Sininllaneoiis movement of certain of the five needles 

tt the alphabet was formed by space signals and not time sim d ’ 

M ^SS : !b^ ,,ich ”’ :iy — 10 M '- M«-y 8 $£ 

I' M '; , r ,,f,, i. S °me twe 'vc or fourteen years ago I was Mr 

li a telegraphic type-setting machine, the practical side of M >' [lf ord f 

h 1 worked out. , have therefore been very much interested in 
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Mr. Murray's paper and in the apparatus which he has shown us tfrl 
I would like to make one or two suggestions which may be ustite 
him or to others. lie mentioned the noise that the instrument™ 
By hanging the vibrating reed on rubber cords he will scarce^ 
the reed working. He will also find that with the La Cour .or ft 
wheel he would get a saving by having two series of magnets W 
case opposite each other, used so that the pull came exactly opposi 
spindle. We found that the tug on one side was very strong in 
setting up a considerable vibration and also interfering with the 
with which the wheel revolved. We found there was a consul 
saving by having a magnet on each side. In Mr. Murray s caw 
would have to be two series of magnets, because one has to be » 
tooth behind the other, so that he would have to have four m 
Mr. Murray has got over one little trouble that we experien, 
doing away with the second revolving wheel that we used f 
apparatus. We actually set type with our instrument between 
Cross and Holloway. Our revolving wheels ran at about 250 revo 
a minute, which brought 11s into the difficulty of a very small ami 
-time to deal with the contact. We got over that, strange to *$ 
having two contacts instead of one for each signal, and by bay 
system of intersections somewhat similar to what Mr. Murray ha* 
in his printing machine. We had, say, twenty-eight working segi 
and we had to operate two of these for each signal, so that with 
contacts we could get four times twenty-four signals. We had 
fore a very much longer time for the electrical operation of the I 
Another difficulty we had, which it might he of interest to some p 
lo mention, was the operator keeping down the key too long. Iu 
case he would send a repeal signal al the rale we were going. « 
led to the designing of a little apparatus which would break the 
licction when the signal had passed. On the depression of a 
battery contact was kept closed by an armature being held down 1 
the soft iron extensions of a permanent magnet, but contact to the 
incut was only completed when the key was raised and the amu 
free to rise on the passage of a current to line which depolarised^ 

extensions. , 

Mr. A. |. S. A hams : IVrhaps one of the more important advan 
of the Murray system lias been overlooked in this discussion. ^ 
Morse slip be handed to an operator for transcription, much 
depend upon that operator, and, lo put it mildly, his state of hea 
tml with the Murray, directly a telegram arrives it is ready 111 Rom 
type, and all that remains is lo tear it off and deliver it— a fact W 
seeing that lime and labour are money, should mean a great deal 
Mr. Donald Murray, in reply: I Hunk one of the chief 
mentioned in the discussion was the question of speed on th<* 
boards. That is the very essence of printing telegraphy f 
practical point of view. If that speed is not superior to the speed 
the Morse key or some other methods of transmission, then pi 
telegraphs are useless. As a matter of fact it is superior. The 
possible on a keyboard is quite high ; but when an operator, 
sign and time short messages of twenty words, has to pick them npl 
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tfrisio^'M’r. 3 Webb ^witioned^m ^ucl t. ^ is 
e records of the work of the BuckinoP k . ,,R ! ,am s y s <cm. I have Murri, y- 
are wonderfully good oL m g 7 kCyb ° ard P erf °rator, and 
Wched 770 messages hi hours thaMs ^ ‘° ld in New Y °^, 

not take th, „,Lta ” ™ ed J ™ f*S» »» I™,. But 

M be guided by the average speed of the max,mum operator ; we 
the only thing that is of anv m-lp tke . avera ge operator. That 
ifitioned the case of a man who L f "’ ,port;ln< ; e - Mr. Webb 
Mad clone no less than 3 r 4 messages a dav’^ Tl "'1° ■' ° f time ’ * 5 2 
last admit it is better than I had expected w' V 18 VCry fiood > 

W time that American operators work o,', r h ° UrS a da >' is ‘he 
Med as slack time. Therefore S’, d 7 m ° f Which may be 
t gives you 40 messages an hour 7 Vlde tbe 3*4 messages by 
b better thin good Morse key oZJ° T™ 8 ? “ h ° Ur is 
Sages an hour is what they do her e P and the me" Amenca ' Thirty 
I shorter. If we mulfinlv m ’ nd tae me ssages arc considcr- 

«ge American message^ Ind S Z IT by 3 ° ( WOrds for tho 
rate. That is the average wnrt r y Z’ We 20 wor ds a 
deferable period. The Morse key operate ° pe , rat ° r laken over a 
s will not do more than 10 Z P ° F under s-Mlar circum- 
l. the messages, and perform all theTther H “ ‘° 

iis the kind ofs^eed 1’mean wfi a en T Wait - Thatisa » included. 

»ding all the little incidental delays signing^dT' ^ * minute - 
ing off the tape rollout if „n .. 1 ® R d tlmin g messages, 

B CIS ° n t0 th ° 

btion, however, there is a coiisideral , g cver y‘ hi ng into con- 
'd perforator and the Morse kev M T'®* betW6e " the key - 
! attained a speed of Morsekey 0 P e > a t° r s in America 

there was one very interesting tr " llnU E ln . shor t speed contests, 

joints of view, social' as well 7 (5,!;: he tffm 

d operators • am! Uni n • ? Me. nut these were 

l.»II.O,l.,nr: 

b e :’V T T l :l mclh0d - A Printing telegraph system can'be 

itlv enod"' ' X Z Z <1U , :ld, ' l,plcX mcthod - Provided you have a 
. y & qiMcIi uplcx ; but the weakness of flu* mnri i 

-in, and , do not think it would be ^MuS 

may be worked on the first side of the quadrupled and be 

side may be used for getting corrections and repetitions and 

* 3 4 CSSagCS by hand if d — d - Pi'cre is no competition betwem 

“ 01 - 39 
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“.the two stLns in obftffl 

isochromsin. It is quite \ . rrreat difference* . 

speed to considci an no P ’'^ ion of t |, c correction of errors, a™« 
cnce was also made to t 1 • unnoticed, but in designing! 

was pointed out that many ciio s ^ ■ ■ ■ eorrcct j on 0 f errors that* 
correcting device it was no . , confidence, and theref# 

aimed at ; the aim was tUat ’ if he strikd 

speed on the keyboaid. i. e can work more CM 

false key he can instantly correct :thc ^ e, ror, , ab ^T 

dently and therefore more quickly. harder. Of cot 

the operator can do more "orkwrthoH Zant and the human|| 
the correction of ei 1 01 s is in i s y j ic C annot correct^! 

docs make unconscious errors, am s cntion that medical W 

p ,„ the Zt,ZU„ analogy betai 

have frequently callec . , 0 f telephone exchanges., It# 

the human brain and a gigan ' y ' „ million nerve celt** 

been estimated that there are ™ brain, and the * 

to follow out the metaphor, sufembe s m the urn , ^ 

work of nerves or wires. pa^nll^on^m ctions ^ 

operator has to do . . anv one who ch 

correctly. It is a very curious . * wi u f m d that mi 

«• keep a note of the errors lw m..Us " hc ^ ritcs , he thinks of <1 

his mistakes ate mist. ' • ■ Generally be found that tl 

words or the letters a ic,ic , an esnecially when working Ml 

gsrs SJSTJH * 

52£ ST**£ TT^snS 

think that that will be the si." M : 1 cable relay an4 ft 

Murray printer in conilmiatm. u.tl n Uio^^ bet may. 

f orator to cable work- > {)f ;l ,, ()ul IO pcr cent, on the W 

Morse and that * 

as Mrljudd - ' 

use of the Cooke a i Tclcora „h Company’s service. Wl 

ItUc "hies the., is direct communication between two cea 
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d the solutions by no means such as one wouid e^peS at the S 

teoS ! J the KLu co n „M thC fr ure 0f the Th ‘ 

ieting, but I have listened wi^^au!i!er 2 io ‘if laSt 

e apparatus which lias been given us bv Mr Mur explanation of 
’"Ussion. There „ only „„ e *£ “m” Sdlik,” £ 
e further information. Mr. ludd said it i ° " ave 

^PP«S 

k ng at it as an outsider, as I understand it, the sendhig cle^k Ins o 

town language on it. You niusd be able to read i Th e ST h "! 
^“uintilg ' ?™«y -Plained that Tllc 

r "d: rr erfe 

• lire time . took Io“loV.rn' “h *** 

£^s:r~zrd^ r ™ 

L Sl l | ‘l'l"'"*T l~k the 'in,,;, m, e “ 

f betore (he n„,he„ce and ,,„t it together e S ,i„_„,d then it 
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worked, i ii;u . 

principle for all construe ho 
it can be put on a table, tal 
made to work. As Mr. Mur 
inventing wonderful tclcgia 
of such a complicated kit 
simpler the instrument can 
alphabet which enables yo 
great deal to recommend 

II js now my pleasure h 
Mr. Murray, the author, b 
brought before us. 

The resolution was carr 


The 

President. 
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rocecdmjrs of the Four Hundred and Twentieth 
Urdmary General Meeting of the Institution of 
Electrical Engineers, held in the Rooms of the 
nstitution of Civil Engineers, Great George 
otreet, Westminster, on Thursday evening, March 

2, 1905^ Mr. Alexander Siemens, President, in 
the chair. 


the minutes of the Ordinary General Meeting held on February 21 
1905, were taken as read, and confirmed. y 3 ’ 

«J hC I* ° f candidates for election into the Institution was taken as 
pad, and ,t was ordered that it should bo suspended in the Library 
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,r CHAPTER XTI 

THE HUGHES. 

Introductory. 

rpiIE Hughes system, which may he classed under the head- 
J mg of synchronous type-printing telegraphs, is largely 
mechanical in action and differs from all other systems in 
two most important particulars firstly, a single current 
only is required for each letter or character printed, and 
secondly, the type wheel revolves continuously and is not 
checked or stopped whilst a sign is being printed. The 
woiking currents are of equal duration, but arc separated 
by unequal intervals of time. 

Upon a cable circuit having a working speed of 40 words 
per minute with the Wheatstone apparatus and shunted 
condenser system, the Hughes may bo worked at the highest 
speed at which it can bo manipulated. The speed at which 
the instrument can be operated is also considerably' in 
advance of the sounder, and in France the Hughes is em- 
ployed in every gase in which Morse working will not suflice 
to dispose of the traffic and in which high-speed working is 
not justified. In the British Post Office it is almost exclu- 
sively employed upon continental lines, where the gain in 
the working speed of the circuit amply justifies the costly 
apparatus and its somewhat expensive maintenance. 

The general appearance of the apparatus and the 
disposition of its parts are illustrated in Figs. 190 and 
191. 

General Principle. 

. type wheel fit one end of the circuit is exactly 
similar to that at the other end, revolving in complete 
synchronism, ?. e. they not only revolve at precisely the 
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Fig. 190. — Plan of Hughes Instrument. 
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same rate, but at any instant the ' same\.tet^r^o^ir.i * 
upon each wheel occupies a position » iiMImtety 3 ® 
the tape. If at this moment the tapc*PaV. 1>ot]i 4 eh els" are 
irought into contact with the type wheels the same si cm - 
will be printed at each end. The type wheel is inked by 
the inking wheel, which presses lightly upon it. 

The transmitting portion of the apparatus consists of a 
keyboard furnished with 28 keys (see Fig. 190). Each of 

tliese keys is mechanically connected to a pin working in a 

radial slot m a circular plate. The chariot, which consists 
oi a radial arm carrying a pivoted, lever in connection with 
tiie stationary contact lever, sweeps over the pins. When 
a key is depressed the corresponding pin is raised and the 
end of the pivoted lever moves upwards when the chariot 
passes over it. This causes a current to be sent out to line 
l lie Jioine instrument is also actuated at the same instant 
by a projection upon the contact lever which raises the 
armature from the coils. ' 

It will therefore be seen that a current may be sent out 
at any one of the 28 points in accordance with the position 
of the key which is depressed. It may, however, -be 
pointed out that one, two, three, or even four currents may 
be sent out during one revolution of the chariot. This is 
liowovcr, considered fully later. ’ 

The chariot and the type wheel are connected and 
revolve at precisely the same speed. Therefore each 
position of the chariot corresponds to the same position 
upon the typo wheel. If the key marked “ R » is depressed 
the Icttei R upon the type wheel will be immediately 
above the tape at the instant when the chariot is above the 
raised pin connected to the “R" key. As the pin is raised 
tiie chariot sends . a short current out to line and at the 
same time mechanically operates the home apparatus. 
Jhniesult is that the letter R is printed at both stations. 

I lie whole of the movements are controlled by three main 
axles which may bo respectively designated the printing, 
the type wheel, and the chariot axles. The printing and 
type wheel axles are horizontal and parallel, wliilst that of 
the chariot is vertical and is driven bymeans of an equal 

bevel wheel upon the type wheel axle. , \ 

I he sole function of the current is Jo release the armature 
of the efectromagnet, and this motion is made to link up thq 
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printing, clrivioig and the printing axle proper for a single 
revolution .? - By (mechanical* devices the revolution of the 
printing axle effects : — v 

1. The synchronizing correction. 

2. The printing of the character. 

3. The progression of the paper. 

4. The replacement of the armature. 

Each current received or sent out brings' about a com- 
plete revolution of the printing axle, which runs at seven 
times the speed of the typo wheel and chariot. At the 
instant when the letter is printed the faco of the particular 
typo should bo exactly parallel with tho paper. Now, by 
means of a cam upon the printing? axle, tho position of ’tho 
type wheel is adjusted every time a letter is printed. Since 
at least one and sometimes three or four characters are 
recorded during each revolution the frequency of this 
mechanical correction is more than sufficient to ensure 
absolute synchronism between the two instruments. An 
electro motor controlled by a rheostat provides the motive 
power for rotating tho mechanism whilst a suitable governor 
determines the speed at which it runs. As will bo seen later 
it is by means of this governor that the speed of the instru- 
ment is adjusted to be in unison with tho apparatus at tho 
distant end. The functions named under 2, 3, and 4 
require no explanation. 

. Having dealt wi th the general principle of the inslriunen t, 
it will now be necessary to consider the details of tlio 
mechanism. Tliegp will not, however, prove very in- 
telligible unless TITe reader has grasped the fundamental 
principles which have just been stated. 

Tiie Hughes Electromagnet. 

Two coils of wire are wound upon the soft iron cores 
attached to tho poles of a powerful compound magnet 
(Fig. 192). The armature, which is also of soft iron, is 
normally attracted to the cores, but this attraction’ is 
opposed by two antagonistic springs. The armature is, 
however, held down by the downward attraction of the 
magnet which is greater than tho upward pull of the 
springs. If, for the sake of illustration, the force of attrac- 
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tion is 100 units and the upward pull of the 
the armature is held down by a force equa 
lhe passage of a current through the coil 
direction as to oppose the magnetism of the coi 
the armature to be released immediately the 
reduced below .92 units. The armature will 
with the full force of the spring, i. e . with a 
muts. In this way the reduction of the attrac 


Fia. 192 . — Elocfcromngnet. 

filing over 8 units brings into play tl 
spring. The upward movement of the 
bring into operation the various median 
apparatus which synchronize the two tyr 
fetter move the paper forward, and rep 
Hie Hughes is therefore a directly, and 
instrument. 
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Tlie value of the attraction between the cores and the 
armature may he varied by sliding the soft iron bar to 
right or lolt as required. T.lfo bar (Fig. 193) forms a con- 
ducting path for the lines of force, thus reducing the 
number flowing through the armature, and hence the force 
of the attraction. When the lever is pushed well over to 
the right it is evident I that the attraction will bo least, 
whilst it will be gradually increased as the volume of that 
part of the soft iron bar resting upon the right-hand magnet 
limb is reduced by sliding it to the left. 

The upward pull of the armature is produced by two 
springs, acting upon the axle of tins armature lever. One 
spring is of considerable strength, Cnd very rai'ely requires 
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It should also be pointed out that the position of the 
electiomagnet is adjustable, so as to ensure that the arma- 
ture shall lio evenly upon the centre of the polar projections. 


Fin. 105. — Brake on 
the governor. 


Fio. 103. — Magnetic adjustment. 

adjustment. TheujHecond spring is of a much lighter 
description, and is provided with a thumb-screw. This 
screw is first of all placed in such a position that its thread 
extends equally upon either side of its support, thus pro- 
viding an equal range of adjustment in each direction. 
The permanent magnet armature is then adjusted until the 
slightest vibration will serve to release the armature. The 
adjusting screw is then given two turns in such a direction 
as to reduce the force tending to raise the armature. This 
provides ample working margin without undid}' decreasing 


Fia. 194. — View of governor. 


A piece of slip is placed between the armature and the 
cores, and is secured in position by suitable clips, to prevent 
sticking ” and to render the action more rapid. 
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1 Motive Power and Governor. 

4 ' * 

Ij M’Jie latest form of Huglfes instrument is driven l>y an 

;i electromotor worked from the telegraph secondary cell in- 

stallation, so avoiding the use of the weight which had to 
lie periodically raised. In order to obtain perfect uni- 
formity of speed the back end of the motor axle is furnished 
with a bevel wheel which gears into a similar wheel yl upon 
the vertical axle G of the governor (Fig. 194). As the axle 
rotates the two bosses 13 l and B 2 fly outwards, but this 
motion is opposed by the springs. Referring now to Fig. 195, 
it will be seen that the tow bru$h or brake upon each Tod 
comes into contact with the inner side of the ring R. 

If the speed tends to suddenly increase, the bosses B l and 
B. 2 increase the pressure of tire brush upon the ring, and a 
very considerable increase of energy is therefore needed to 
produce a small increase of speed. In tlio same way a 
decrease in the speed reduces the pressure between the 
ring and the tow brushes, so that less energy is required to 
drive them round. This action secures the provision of 
the extra energy required when the printing axle is 
operated, and besides prevents the instrument from in- 
creasing its speed during the intervals of inaction. In this 
way the speed is maintained at a remarkably constant and 
uniform value. 

The general speed of the apparatus depends upon that of 
I the motor, which is regulated by introducing or withdrawing 

resistance placed in series with it. For this purpose a 
100" slide rheostat is provided. 

4 he final adjustfnent is, however, made by turning the 
milled head at the top of (lie governor, which raises or 
lowers the bosses upon the rods carrying them. In this 
way the “ braking ” effect may be varied to a nicety. 

i 

Earthing of the Line immediately the Armature Riser. 

In order to obtain the maximum sensitiveness it is essen- 
tial that the current shall only rise to a value sufficient (o 
release the armature. The passage of a large current would 
produce trouble due to residual magnetism, ns the opposing 
magnetizing force exerted by the current would not totally 
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disappear, In that case, to keep_ the armature Upon the 
cores when replaced, the adjustment would have to bo of an 
extremely coarse character. 

When the armature a rises and comes into contact with 
le lever (Fig. 196) the line is earthed, thus short- 
circuiting the coils of the electromagnet. . The path of the 
current is first of all through the contact lever, through the 
• stud A. and the spring S, and so through the coils to earth 
itie armature a rises and strikes sharply against the lever. 
Immediately this contact is made, the line path of the 
current is through the contact lever c via a to earth. 

I 1 rV ' . I I 
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F10. 106.— Skeleton connections end nrrangemont of Hnglies apparatus. 

I he connection of the line direct to earth immediately 
the instrument has been actuated greatly facilitates the 
discharge of any charge or current remaining upon the line*, 
and therefore increases the length of the line over which- 
the system can be worked. 


Electromagnet Disconnected whilst the Armature is 
Replaced. 

The electromagnet circuit is broken whilst the armature 
is replaced upon the cores in order to, avoid ill-effects from 
the KM. I . of self-induction which is thereby generated. \ 
This induced E.M.F. is in the same direction as the cufrent \ 
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which caused the armature to rise. Since the electro- 
magnet circuit is open there is no path for the E.M.F. to act 
through, and consequently no effect is produced. Wero a 
path existing the armature would fly off the cores, due to 
the demagnetizing force of the self-induction discharge. 

Whenever a letter is printed the cam P upon the printing 
axle makes a complete revolution. It carries with it the 
pin k, thus breaking the contact existing between K and 
the spring S. This disconnects the electromagnet until the 
cam K has resumed its* normal position. But the cam P 
has, during the earlier part of its revolution, replaced the 
armature upon the cores by its action upon the lever l. It 
will therefore be seen that the electromagnet circuit is open 
during the time the armature is being replaced. 

Kryboard. 

From inspection of Fig. 190 it will be seen that the 
instrument is provided with 28 keys arranged somewhat 
after the fashion of a piano keyboard. The shorter black 
keys are raised above and alternate with the white ones. 
The first and sixth white keys are blank, whilst each of the 
remaining keys bears two characters. These two blank 
keys are employed for the change-over from letters to 
figures, or vice verm-, and are known as the “ letter blank ” 
and “ figure blank ” keys respectively. 

Tub Chariot. 

Twenty-eight letter pins, which may be raised by their 
respective keys, normally rest within the radial slots upon 
the circular plate shown in plan in Fig. 199. These pins 
are of the form depicted in Fig. 197, and are normally held 
in position by the spiral springs attached to them. The 
depression of a key raises the relative pin above the pin 
plate, as indicated by the dotted outline at M. 

The chariot revolves with the type wheel axle to which it 
is geared by equal bevel wheels and maintained in intimate 
contact by the upward pressuro of the spiral spring 8 (in 
compression). The chariot axle A carries a radial arm GV' 
upon the end of -which the rocking lover D is pivoted. 
The outer end of this lever is directly above the pins in the 
key plate, whilst the inner end is connected to the lipped 
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Fjo.' 197.— Chariot, contact maker and pins. 
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steel collar E fixed quite loosely upon tlie chariot axle A. 
The inner end of the pivoted contact lever F carries a pro- 
jection resting upon the under-side of tho upper lip of 
the steel collar. The outer end normally rests upon the 
contact stud G, hut clear of II. 

The chariot sweeps round above the pins, and when it 
meets a raised pin the inner end of the rocking lover I) is 
depressed, so pulling down the cellar E which raises the 
end of the contact lever from the stud G to II. As II is in 
connection with the battery and the contact lever is to line 
a current is sent out during the time that the chariot is 
passing over tiro pin. Tho adjustments of those contacts 
and slots are quite obvious and should need no further 
comment. 

.The Rejector. 

When any particular key is depressed tho letter or char- 
acter it represents is only printed once, no matter how long 
the key is kept down.® Moreover it is impossible to release 
a pin whilst the chariot is actually passing over it, thus 
ensuring that every current sent out shall bo of precisely 

equal duration • — a 
matter of very con- 
siderable importance. 
These results are ob- 
tained by the “ re- 
jector,” so called on 
account of its action in 
rejecting a pin over 
which it has passed 
once without the key 

V p I being released. It is 

. I carried upon the arm 

(Cj) I of the chariot and con- 

'' — ' J sists of a steel plate N 

y of the shape illustrated 

,, , . , in Fig. 198. In order 

to prevent the breakage 

r Lhis statement is not strictly true in practice, since a letter may' »e 
duplicated l>y depressing key too lightly (sco page 393). By forcing a 
piece of cardboard between the letters G and U a continual call is given to 
tho distant station, currents being transmitted every time the chariot 
passes the pins. 
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of any pin which happens to stick the forward portion of 
the plate is secured by a screw passing through a slot 
against the inner end of which it is normally held by the 
spring 0. This gives the plate a certain amount of play. 


Fia. 199.— Pin plate and rgjector. * 

\ . •’ - V; . ,h'. V A. • 

Referring now to Fig. 197, which has been lettered to 
accord with Figs. 198 and 199, it will be seen that the 
forked chariot arm G carries the contact arm D, beneath 
which is the rejector. Immediately the forward portion of 
the rejector meets a raised pin, that pin is held until' the \ 
rejector has passed it, during which time the release of the 
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key in connection witli it does not permit tlie pin to fall 
back. When the back end of the rejector has passed the 
pin, it is already pushed back, beyond the reach of the 
contact arm, and therefore when the chariot next passes a 
second current is not s^nt out. The letter may, of course, 
be printed twice if the key is released immediately the 
chariot has passed and is then depressed again before the 
rejector reaches the pin. 


! 


> 

J 


! 

2 


if 

A 




Fin. 2 () 0 .— Ty|'C wheel axle. 


Number of Characters which oan he Printed ter 
Revolution. 

The mechanical inertia limits the number of characters 
which can be printed during a single revolution of the 
type wheel. After the depression of the letter blank key, 
the next letter which can be printed is E, followed by J ' 
0, and T, i. c. every fifth letter. The chariot, however, 
covers three pins only in order to provide a working 
margin. 
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The Type Wheel Axle. 

The type wheel axle is driven by the motor and trans- 
mits the motion to the chariot by means of bevel wheels. 
It carries three wheels, (1) the type wheel, (2) the correc- 
tion wheel, and (3) the ratchet wheel. The ratchet wheel R 
- 200 and 201) is held in contact with the collet upon 

winch it is mounted by the dished disc d. The collet is 
secured to the axle by the screw l lt but the ratchet wheel 



Fig. 201.— Correcting ami ratchet wheels ; type wheel printing letters. 


is only friction-tight upon it, and may therefore be held 
stationary whilst the axle continues to revolve. The ratchet 
wheel (Fig. 201) is engaged by the pawl F fixed to the face 
of the correcting wheel O. By means of the pawl P the 
motion of the correcting wheel is transmitted through the 
lever L to the tube d, which is rigidly connected to the 
type wheel T (Fig. 200). This tube passes over the type 
wheel axle, but is sufficiently loose upon it to prevent the 
motion of the axle being communicated. Now the correcting 
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wheel is carried upon a second tube which fits loosely over 

the type-wheel tube. It will therefore he seen that : 

1. JE tho correcting whoeUs held the typo wheel axle 
may continue to revolve, whilst the ratchet, correcting, and 

typo wheels, are stationary. . , 

2. Since tho ratchet wheel drives the typo wheel through 
the pawl upon the correcting wheel and the lever upon 
the type wheel tube, the type wheel may be displaced 
with respect to tho correcting wheel to an extent winch is 
limited by the two positions which the lever may occupy , 
upon the pawl. The correcting and type wheels can only 
be moved T V of a revolution with respect to each other. 

3. Tho relative position of tho ratchet wheel and that ot 
the type wheel and correcting wheels can be varied to any 

When the click G is raised tho ratchet wheel may 
revolve whilst the type and correcting wheels are stationary. 

CHANGE-OVER FROM LETTERS TO FIGURES. 

The object of the arrangement by which tho type and 
correcting wheels may bo relatively displaced by w oL a 
revolution is to provide for the printing of f'gures signs, 
and punctuation marks as well as the letters ol. the alpha- 
bet. 1 Consideration will at once show that the provision of 
a separate key for each character would considerably l educe 

the speed of working. , 

Instead of using two typo wheels, one for ><dteis an<l 
one for figures, punctuation and other signs, a single "lit el 
is employed witlyJie letters and figures placed alternately. 
When it is desired to print figures the type wheel is dis- 
placed to the extent of * of a revolution. Lacli unit 
of time, equal to ,V of a revolution of the cluuiot, 
which elapses allows the type wheel to turn through of 
a revolution, and thus the alternate cWtere are not 
printed. For instance, in printing Jot the ■ 

“o” and the “ x” before “t” are passed behno the 
respective currents arrive. With the currents arriving 
with the same time intervals but with the type wheel 
displaced W revolution, the characters printed would be 
“5 1 figure; not the letter)? X.” The 5(i characters and 
spaces upon the typo wheel arc in order as follows 
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Blank Blank 1 A 2 B 3 G 4 T> 5 E 6 F 7 G 8 E 9 I 0 J 

i&5 >' gs 

. h wlll j Lo , shoW11 later that tlie position of the type wheel 

™ ect6d eV yY , t \ me , the electromagnet is actuated, 
fins is accomplished by the correcting cam which forces its 
way between two successive teeth upon the correcting 
wheel. Now, at two points upon the type wheel blank 


Fia. 202.— Correcting wheel. 


Change-over from fitters to Bgnres. 

spaces are left, whilst either of the corresponding positions 
upon the correcting wheel may he occupied by the* project- 
mg portions of the “ figure-changing leL." WerTg to 

letfpr Pin 1 i r W ; be B ?f u t lat tIie depression of the first or 
noth J? q will cause the cam to' pass between the 

whcnl nt P tl ° °A A . s . tl 1 ier . e is character upon the type 
wheel at the point which is directly above the. paper a 

mnvp,r Pr ti d ^ C tn If ’, h T VeVer ’ the correc ting whee P had 
moved so that the right-hand portion of the change-over 

level was opposite the correcting cam, then this ram on 
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passing between tlie teeth would move the figure-changing 
lever upwards, thus causing the lever to engage tlie back- 
ward notch upo/t the pa ( wl.- This would be the case if the 
figure blank key was depressed. As already stated this 
displaces the type and correcting wheels by T ,V of a revolu- 
tion, so changing over from letters to figures. Tlie change 
back to letters would of course be made by depressing the 
letter blank key, when the correcting cam would reverse the 
position of the cross lever in the notches of the pawl. 



Functions Perform f.d as the Result of Releasing the 
Armature. 

Tlie passage" of a current through the electromagnet 
releases the armature, and this upward movement is em- 
ployed to bring about a mechanical connection between 
the printing driving axle and the printing axle proper. 
This connection causes the printing axle to make one com- 
plete revolution, and to disengage, i. e. every current pro- 
duces a single revolution of the printing axle. By means 
of suitable cams and other devices in connection with 
this axle the following effects are produced 

1. The position of the type wheel is corrected, and by 
the same action the change from letters to figures or vice 
versa is effected when required. 



THE. HUGHES 387 

2. The slip is sharply brought- into contact with the 
type wheel, so printing the letter. 

3. Tlie paper is moved forward. 

4. The armature is replaced upon the electromagnet. 

o. the electromagnet is disconnected until the armature 
has been replaced. 


Printing Axle Entrained. * ■ 

The impact of the armature iipon the pivoted detent 









V,. 


Emplacement of the Armature. 

Upon the central portiqn of the click and click-spring 
arms an eccentric T lv projects sufficiently far to engage 
the detent lever during revolution. It will therefore be 
seen that the eccentric raises the detent lever, and by 
means of the screw S 1 replaces tire armature upon the 
cores. It will also he observed that the detent lever is in 
its normal position before the click disengages, and that 
it is therefore impossible for the click to over-shoot its 
normal position. *' 

Disconnection of tiie Electromagnet. 

The correcting cam Q (Fig. 204) normally rests upon 
and makes contact upon the spring B, but during revo- 


CORRE.CTING 


M PRINTING 

PAPER MOVEMENT 


Fin. 205.— Printing nxlo cams. 

lution tliis contact is broken. This serves to break the 
circuit of the electromagnet whilst the armature is being 
replaced. 

" =1 Printing Axle Cams. 

The other functions performed by the printing axle are 
effected by three cams attached to the printing axle. They 
are clearly shown in Fig. 205, and the function of each 
suitably indicated. 

Correction for Synchronism. 

The steel correcting cam Q, which is carried round by 
the printing axle engages with the correcting wheel, and 
is so adjusted that when the type wheel is in its correct 
position, i. e. when the letter to he printed is exactly 


H&lf 
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parallel with and wholly in contact with the tape, it lies 
between the teeth of the correcting wheel as shown by the 
dotted lines in Fig. 204. If the wheel is slightly behind, 
the position it should occupy, the cam strikes the forward 
tooth, and so pulls the wheel round to its correct position 
always provided that the actual and the correct positions 
dc not differ by more than half a tooth. In a similar way 
the cam pulls the wheel hack to the correct position if the 
wheel is in advance. 
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Fio. 200. General figure of type, correcting and inking wlicols and printing lever. 

The correcting cam is of tempered steel, as also is the 
correcting wheel. The cam can readily be removed and 
another substituted whenever signs of wear appear. 


Paper Movement. * 

Referring to Fig. 206 it will be seen that the printing 
lover pivoted at m 1 carries a second lever I, known as 
the paper-moving lever. The slip is carried under m 
over (?, upon which it is pressed by the fork H. In the 
position shown the paper is in contact with the type wheel 
due to the cam D having completed rather more than half 
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a revolution. This cam, then, working in the forked end 
of the printing lever raises the paper against the type 
wheel whenever the printing axle makes a revolution. It 
should also he noticed that'at the moment of printing the 
correcting cam is exactly midway between two successive 
teeth upon the correcting wheel. As it is equal in length 
to the distance between the teeth, the type wheel is steadied 
and this no doubt conduces towards the clearness of 
printing. 

A revolution of the cam E causes the paper-moving lever 
I to descend to its 16west, and to then resume its normal, 
position. Tliis downward movement church the pawl «/ to 
turn the ratchet wheel to tlie required extent, and tints to 
move the paper forward. As the paper roller is contained 
upon the printing lever the motion of the paper moving 
lever does not withdraw the paper from the type .wheel. 
The conformation and positions of the two cams are so 
designed as to reduce the speed of the type wheel as little 
as possible during printing. 

Zero-Adjusting Lever. 


It is of course essential that a means of stopping and 
starting the instruments at zero should be provided. This 
is effected by the zero-adjusting lever Z (more usually 
termed the “ detent ”)— origin Detente. French for Trigger 
— which is to he seen in Fig. 20G. It carries two arms M 
and N, the former bearing a wedge-shaped projection. 

The click F (Fig. 201) which engages with the ratchet 
wheel B carries a pin q which normally clears the inclined 
plane o (Fig. 20G) carried upon the spring U. Hut when 
the zero-ad justfoig lever is depressed the wedge-shaped 
projection of the arm M moves the plane towards the 
correcting wheel, so that the pin comes into contact with, 
and rides up, the inclined plane, finallyresting in the notch 
at its apex. This raises the click F (Fig. 201) from the 
ratchet wheel, so disconnecting the correcting and type 
wheels. The momentum which the combined type and 
correcting wheels have acquired is sufficient to carry them 
to such a position that the projection upon the arm N 
(Fig. 20G) banks against tho forward side of the notch V, 
and the pressure upon tho adjusting lever is sufficient to 
complete the movement already described. 
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Now the wedge and the. inclined plane lock together 
by means of a suitable catch, and tlie zero-adjusting key 
therefore remains depressed. At this point the letter blank 
portion of the type wheel stands directly above - the paper. 

If now the letter blank key is depressed a current will 
be sent out immediately the chariot passes over the letter 
blank pin. This current causes the printing axle to revolve, 
thus forcing the correcting cam between the teeth of the 
correcting wheel, thus moving it forward sufficiently far to 
permit the click F to fall upon and engage the ratchet wheel. 
As the locking between the arm M and the inclined plane 
0 is ol a very slight charactor tho connection is broken, and 
tho pressure of the spring U acting upon the wedge restores 
tho zero-adjusting lever to its normal position. 

It will be remembered that the printing at the sending 
station is effected mechanically by an extension of the 
chariot contact arm, and reflection will show that if both 
instruments are stopped by means of the zero-adjusting 
lever both will be started at the zero position when either 
station depresses the letter blank key. 

■ Connections. 

The full connections of a Hughes instrument are depicted 
in Fig. 207, and it will be noticed that two switches, 
respectively termed the “ Hughes ” and “ motor ” switches, 
are provided. The functions of each of the five positions 
of the Hughes switch are shown in the following table, 

Hughes Switch. 


Tosijion of Switch. 

Functions of Switch in each position. 

1. “Receive - ” 

5. “ Receive + ” ’• 

Determines the direction in which the coils 
• of the electromagnet are connected 
between line and earth. 

2. “Regulate - ” 

■1. “ Rcgulato + ” 

Disconnects the coils of the electromagnet 
■ and earths the - line through the 250» 
resistance coil. * 

5 " Duplex sending ” 

Disconnects the coils of the electromagnet 
and changes the connections so that the 
line is earthed after each curront has been 
sent out. 


t ' - ‘ 






.SWITCH IN 

jTEST ROOM 


EARTJ 


MOTOR 
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When the direction of the current received is such as 
to increase, instead of to reduce, the magnetism of the 
electromagnet cores, the , Hughes switch at the receiving 


MOTOR SWITCH" 


MOTOR ON MOTOR OFF 


HUGHES SWITCH 


POSITION I POSITIONS FD3ITI0NJ POSITION* P03ITI0NJ 

RECEIVE REGULATE- DXISENDIRO REGULATE* RECEIVE* 


Fio. 207.— Connections of a Iliij'lics set. 


end is turned from position 1 to position 5 or vice versa. 
Reflection will show that the provision of this reversing 
arrangement is preferable to a battery reversing switch, 
since the receiving office would have to notify the sender 
that Jus battery must be reversed. 
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nn^!!ft* W0 P0S mi° nS ™ arked “regulate” produce identical 
connections, The coils are disconnected and the spring 
in connection with the correcting cam is connected to 
9^T^i at - Ure - I . I \ tkls a P at k to earth through the 

th P ° n, 1 - 1S t ? 10VK , eC \. If tke armature is upon the cores 
? p , atk 18 through the correcting cam and spring, but if 
laised then the path is via the armature. 

The “duplex sending” position is dealt with under 
duplex working. 

The- motor switch, in the “on ” position, joins up the 
electro-motor In the second position the connections are 
. , anged so that the rising of the armature connects the 
night boll terminal to earth. In- this way calls are 
legistered during the hours when the continuous attendance 
°* 0 lcer ™ ie circuit is not necessary. 

no furTe™comir neCtiOM *** ° b ™ US andcaUfor 

I 

■ -Manipulation. 

The actual manipulation of a Hughes instrument needs a 
very, considerable amount of experience. Firstly it is 
necessary to acquire the correct “ touch,” since by pressing 
the keys too heavily the pm is thrust out of its orifice, and 
the chariot passes over without sending out a current. 
Insufficient pressure usually results in some letters being 

SiTcbnpT 0 ^ duplicated. Secondly, it is essential 
that characters should be printed as frequently as possible 
and the chariot should never be allowed to make a complete 
revolution without one or more signals being sent out. 

The operator feels the chariot pass over the raised pin 
because the rejector pushes the pin outwards, and. thereby 
Tn tbf* 16 it 7 m connection with it to slightly descend. / 
In this way the sender is apprized of transmission of each ‘ 

mhufrwf sl S nal - The more frequently characters are 
panted the more often is the type, wheel corrected for 
synchronism, and the more perfect is the accord between 
the instruments. So soon as the sender begins to miss 
l evolutions there is risk of the instruments running out 
and it may be said that until a learner is able to finger the 
keys accurately at such a speed as never to miss a revolution \ 

it is impossible for him to work a circuit. \ 
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CONVENTIONAL SIGNALS. 

In the practical opeipititm of tlio apparatus tlio following 
conventional signals are employed : — 


Signal. 

Indicates. 

Reply Signal. • 

* Blank N Blank N 

Call 

Blank N Blank N 

Blank - 


Blank. 

* Blank Blank 

All riglit. Yes. Un- 
derstand. 


+ 

End of mess ago. 


It (followed by figure) 

Number of messages 
received in last batch. 


(word) 

Word or words between 
underlined. 


* Blank F, J 0 T Blank 

Wish to test for loss of 

Blank E J 0 T re- 

E J 0 T 

speed 

pcatcdly. 

* Blank INS Blank 

Wish to regulate mag- 

Blank i N re- 

I N S 

net 

pcatedly. 

N Blank N Blank 

Correction, rub out. 

Blanks repeatedly. 

* Blank I T Blank I T 

Wish to test syn- 
chronism 

I N 

Used to interrupt or 

Both stations set 

stop the sender 

their instruments to 


zero. 


* Those signals should bo road by sound. 


Preparations before Connecting the Instrument 
to Line. 

Before placing the apparatus in connection with the line 
the instrument should first of all be oiled, care being taken 
to use the oil sparingly. The contacts should next be 
examined and cleaned if necessary— all paper, dust, etc., 
should be carefully removed. In fact absolute cleanliness 
is essential. 

The electromagnet should now bo adjusted as previously 
described upon page .‘174, and finally tlio apparatus should be 
tested for loss of speed. Firstly by printing Blank INS 
in one revolution and then Blank EJ OT, each set being 
continuously repeated several times. If these signals are 
printed satisfactorily the apparatus may be connected to the 
circuit, but, if not, it is necessary to trace and remedy the 
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defect. This may lie due to a variety of causes, for instance, 
it would be produced by the rejector not clearing the pins, 
abnormal friction at several points, etc., etc. .There should, 
however, be little or no difficulty in locating the seat of the 
trouble. . , 

Here it may be well to point out that signals should 
never be sent until the apparatus has attained its full 
speed, since damage to the ratchet wheel and its click 
would inevitably result. 


Adjustment for Equality of Speed. 


■taf: 


The instruments having been connected to the circuit at 
each end it is first of all necessary to adjust their speeds 
so that they shall correspond as nearly as possible. This 
is accomplished, by receiving a series of “blanks.’’ If th^ 
home instrument is running faster than the distant one* 
it will be obvious that letters will be printed in the order 
ABODE, etc:, instead of the blanks which should be 
recorded. But should the home instrument be running 
too slowly ZYXWV will be printed. This adjustment 
is effected by means of the thumb-sCrew upon the governor 
which raises or lowers the “ bobs,” so respectively increasing 
or decreasing the speed as desired. 

The next adjustment is made as follows : — The distant 
station sends out a blank at every revolution of the chariot. 

At the receiving end the current is cut off for an interval of 
about five revolutions, so assuring that the speeds of the 
two type wheels differ by less than half a tooth in the five 
revolutions. Finally the current is cut off for ten revolu- 
tions, and, if the blanks continue to be received correctly, 
the instruments are in sufficiently Satisfactory accord for 
practical working. ' 1 — 

Tlio final adjustment of the electromagnet is made during 
tlio reception of the conventional signals “Blank INS.” 

This adjustment is usually of a very fine character and 
is made by means of the scrCw in connection with the 
antagonistic spring. The sliding keeper upon the electro^ 
magnet should not be employed as the, alterations produced 
are far too large. It should be borne in mind that the 
adjustment of the electromagnet is of vital importance, and \ 
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